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Who needs a Campbell Hansteld Air Compressor? 
LetShaveashowothands _ 


T- 


You need one. Because theres almost no sanders, drills and impact wrenches. And the 
end to the jobs you can do easier and list goes on. Campbell Hausfeld, Americas 
faster with a Campbell Hausfeld favorite air compressors. See the complete 
Air Compressor. e line of air compressors, tools and acces- 
You can inflate tires, sport E. . Sories. For more information and the 


balls and rafts.You can name of your local retailer, call 


spray paint, fertilizers and ү di 52 1-800-634-4793, Monday- 


pesticides. You can clear = 
water lines and gutters. : 
You can use it with nailers, : » 


staplers, sandblasters, 


Friday 8am-5pm, ET. 


Since 1896 
€ Campbell Hausfeld 1989 


Buick Regal Limited ..................... 
Buick LeSabre Estate Wagon .. 


Chevrolet Beretta бТ..................... 12,500 
Chevrolet Camaro IROC-Z 


Chevrolet Caprice Brougham ............. 16,325 
Chevrolet Corvette 7В-1.................. 58,995 
Chevrolet Geo Metro .. 

Chrysler LeBaron... 

Chrysler Fifth Avenue .... 


Eagle Talon TSi Turbo. 


Ferrari Testarossa... “ 
Source: Automotive News 12/18/89,"Pricing the '90 Models" 


Isn't your car worth the extra pro” mmis ons 
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Ф) TOYOTA TRUCKS 


“You'll never catch me 
in any other truck” 


For some people, only the best is good enough. And 
the “best pickup truck in America? according to Sport 
Truck magazine is Toyota’s Xtracab SR5 V6. Their 
editors also call it “the closest thing to a sports car 
with a bed" And no wonder, The responsive 3.0-liter 
V6 generates 150 hp and 180 ft-lbs. of torque. And new 
for 1990, a rear Anti-lock Brake System (ABS) adds even 
more performance. So don’t get caught in anything 
less. And chances are, you won't get caught at all. 


Call 1-800-GO-TOYOTA if you'd like a truck brochure or 
the location of your nearest dealer. 


“Toyota, I love what you do for me.” 


. *Sport Truck, 9/89. Get More From Life... Buckle Up! P ds A E € 1800 буша Motor Sales, USA- Inc У: 
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What's News 


comprise this month’s cover re- 

port are staggering: Some 60 
miles of wiring in one. A strategic ar- 
ray of 33 televisions and monitors in 
another. Price tags of $6 million and 
$7 million. Research and development 
expenditures upward of $30 million 
for one project alone. 

Typically, residential housing has 
been driven more by tradition than by 
technology. However, the examples 
presented in “The World’s Smartest 
Houses" clearly illustrate that the fam- 
ily home is poised to make a dramatic 
technological leap forward. 

We rounded up our global trio of 
home technology test beds from the 
United States, Europe, and Japan. At 
its core, each represents a different ap- 
proach to home automation. However, 
all share the same aim: providing 
greater comfort, control, functiona- 
lity, security, and convenience. Indi- 
vidually they're the visions of design- 
ers and engineers and the cooperative 
efforts of hundreds of manufacturers. 
Together they're the compilation of 
the best ideas being pursued today 
in residential housing technology. 

Residential technology of the fu- 
ture, that is. For now, these multi-mil- 
lion-dollar showcases are test sites for 
technology now in its infancy. As such, 
much of it is far too expensive for just 
plain folks. "The smartest house in 
the world today is some private en- 
clave built for a zillionaire," remarks 
Senior Editor Elaine Gilmore. But 
with each new experiment, the tech- 
nology becomes more practical and af- 
fordable. The wiring, central control- 
ler, and intelligent outlets of the sort 
used in the Baltimore Smart House, 
are expected to cost only $7,500 more 
than conventional wiring. At this rate, 
it's conceivable that your next house 
could be a house of the future. 


ne safety measure built into 

the Japanese TRON house is a 

decentralized scheme that fore- 
stalls a computer crash from disabling 
the home's entire automation system. 
In this month's article "When the 
Computer Fails,” writer Christopher 
O'Malley takes up this issue of com- 
puter dependency on a massive scale. 
With international telephone systems, 
the world banking community, and 
defense, medical, and transportation 
systems increasingly dependent on in- 


R y the numbers, the houses that 


terconnected computer networks, 
O'Malley asks if we have not set our- 
selves up for certain disaster. 

The answer: quite likely. Already 
crucial operations have been disabled 
and fatalities and serious injuries have 
occurred because of malfunctions. Our 
computerized civilization is in the 
“uncomfortable position of counting 
on nothing short of flawless perfor- 
mance,” O’Malley writes. “Experience 
tells us this is an unreasonable expec- 
tation. Forecasts tell us that our most 
costly disasters are yet to come.” 

Software development, widely ac- 
knowledged as the weakest link in the 
computer-network chain, is an art that 
needs to become a science if we are to 
diminish the errors that loom as po- 
tential disasters. But we'll probably 
never eliminate computer glitches al- 
together. The utmost challenge of the 
computer age should be to plan for 
the inevitable breakdowns. Systems 
designers must create a technological 
infrastructure that does not make the 
on-or-off digital sequence synonymous 
with life-or-death consequences. 
W first proposed James Lents, 

executive officer of the South 
Coast Air Quality Management Dis- 
trict in Southern California, as the 
subject for a POPULAR SCIENCE feature, 
we were skeptical. What more could 
be said about either bureaucrats or 
air pollution in Southern California? 
But we've since been persuaded that. 
Lents, the so-called air-quality czar, 
represents hope for both. 

The war Lents is waging on the Gol- 
den State's smog problem *is the first 
serious attempt to bring the region's 
lung searing smog under control," 
Marini reports. Lents's technological- 
ly based plan for better air-quality is 
controversial and by no means con- 
servative. And it just may work: As 
we went to press, the United Parcel 
Service said it would convert its 2,700 
trucks in the Los Angeles area to run 
on cleaner-burning natural gas. “Ul- 
timately,” Marini says, “the Lents 
plan could be a dress rehearsal for 
clearing the air in other smog en- 
shrouded metropolitan areas.” 
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NEW WIZARD 
SOFT WARE 
LETS YOU DO MORE 
THAN IS 
HUMANLY POSSIBLE. 


SCIENTIFIC | 
CALCULATOR CARD 


B-LANGUAGE 
TRANSLATOR 


Like your PC, The Wizard electronic organizer 1 TO 00 LIST 
from Sharp never forgets a name. Never misses a date. y pean, ne 
And makes short work of jobs that it’s only human to | I 
postpone. But unlike your PC, The Wizard slips into your 
coat pocket. So it goes places most PCs can't. 
But with an optional PC Link, your IBM* PC-compatible 
or Macintosh” personal computer will never be out of reach. ! 
And with a growing library of optional software cards, 
The Wizard can up- and download numbers into Lotus 1-2-3" 
from its own 3-D Spreadsheet. Store up to 64K of data on a 
single card. Track your expenses. Tackle scientific equations. 
Translate eight languages. Even play games. Yet 
despite all this power, it's humanly possible to 
master Wizard software quickly. Because these С 
new programs are as easy to use as The Wizard 
itself. To find out where to see Wizard software 
in action, call 1-800-321-8877. 
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SHARP EXPANDS THE POWER OF THE WIZARD. 


FROM SHARP MINDS 
© 1990 Sharp Electronics Corporation COME SHARP PRODUCTS 


WELCOME To COMPUSERVE. 
THE LARGEST COMPUTER INFORMATION SERVICE IN THE UNIVERSE. 
(As Far As WE Know) 


More people use Compu 
computer information serv 


ve than any other online 
on Earth 

More than 600,000 members 
tion, communicati 


hundreds of inforn 


Thousands with similar interests and special expertise 
converge г gularly and exchange ideas on an ever-expand 
interest forums 


s to a combination of more financial 
information, a gre ariety of shopping services 
and deeper h resources than any other online 
computer service. Anywhere. 


d entertainment services online. 


Of course, it's conceivable that th 
ours somev 


ervice like 
re that could give you more for your money. 
2 ars to find it. 
, all you have to do is visit your nearest computer 
dealer today. To order CompuServe direct, or for more infor- 
jon, write: CompuServe, 5000 Atlir ton Centre Blvd., 


CompuServe’ 
800 848-8199 
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Readers Talk Back 


Life on Mars: for the birds? 


The schemes to colonize Mars are so 
implausible they make the Strategic 
Defense Initiative and the cure for 
cancer seem trivial by comparison 
(“Becoming Martians,” June]. All 
we're really going to do when we 
reach Mars is plant a flag or two, take 
pictures of our footprints, and bring 
back a bag of rocks. Terraforming in- 
deed! Someone's been watching too 
many movies. 

Tom Sales, Somerset, N.J. 


You write about a Mars colony, yet we 
have problems to conquer here: Thou- 
sands of children suffer from malnu- 
trition. They are ground out of school 
systems like pork sausage, and are 
about as educated as that breakfast 
meat. Many die from AIDS. Poverty 
and drugs destroy lives daily. Our 
water and air supplies are polluted, 
and we can't dispose of our nuclear 
wastes. Perhaps POPULAR SCIENCE is 
shopping for another planet on which 
we can live and destroy in the name 
of science? 

Frank E. Charboneau, Ironton, Mo. 


The basis for the Mars expedition— 
exploration—is weak, considering the 
cost. We should wait until we accom- 
plish some needed steps, such as a 
more efficient lift to orbit and a space 
station. 

Harvie H. Lewis, Mechanicsville, Va. 


Regarding ozone depletion and the 
race to find chlorofluorocarbon substi- 
tutes [^Ozone-Friendly Cooling," Ju- 
ly]: Given that the Montreal Protocol 
allows developing nations to continue 
producing CFCs, will adopting ozone- 
friendly cooling really help? While it 
won't be too difficult for the industri- 
alized world to switch to non-CFC 
technologies, continuing our ozone ex- 
periment—with its unknown conse- 
quences—well into the 22nd century 
doesn't seem to be a good idea. 

Scott A. Carson, Indianapolis, Ind. 


The air-conditioning development 
work by Calsonic in the area of CFC- 
replacement HFC-134a uses a unique 
patent-pending condenser called mul- 
tiflow [“The Automotive Solution,” 
July]. This is not the same as Mo- 


dine's parallel flow condenser, as is 
suggested in your article. 

Refki El-Bourini 

Calsonic Technical Center 

Phoenix, Ariz. 


In *Clean-Air Home Air Conditioner" 
[July], you explain the way the Albers 
system works, with the air drawn into 
the unit from the outside at 95 de- 
grees F and 40 percent humidity. 
Well, in southern Louisiana we often 
get 80 to 100 percent humidity, and 
would feel as if in heaven if it were 
only 40 percent. When will someone 
come up with an air conditioner that's 
kind to ozone and hell on humidity? 
Lewis Faulkner, Independence, La. 


Regarding "Refrigerators That Stay 

Cool Without CFCs" [July], why not 

improve the overall house electrical 

efficiency by exhausting the refrigera- 
tor's warm air to the outdoors? 

A. C. Reiger 

North Palm Beach, Fla. 


Telephone controversy 


I think Caller ID and caller blocking 
are excellent systems [^Look Who's 
Calling," July]. What right does a 
stranger have to call me at home and 
make me drop everything so he can 
sell me something—a blatant inva- 
sion of privacy? 

Donald W. Smith, Ferndale, Wash. 


Knowing the telephone number of the 
caller would have saved some people I 
know much grief and time when they 
got a spouse's call—from a "friend's" 
house, rather than from the office— 
saying, "I have to work late tonight, 
honey. Don't wait up!" 
John R. Steinbruner 
Healdsburg, Calif. 


I agree with the Pennsylvania appeals 
court, which barred Bell of Pennsyl- 
vania's Caller ID service because it vi- 
olates the state's wiretap law and the 
right to privacy. Shame on POPULAR 
SCIENCE for glorifying this crime. 
Richard G. Devaney 
Kingsport, Tenn. 


To those who think Caller ID will pre- 
vent people who fear losing anonymi- 
ty from phoning authorities: How 
about using a pay phone? 

Michael D. Magee, Pittsburgh, Pa. 


You mentioned that Sears would "sell 

display units that connect to existing 

phones" for Caller ID, but I couldn't 
find them there. 

ForrestSimpkins 

Oklahoma City, Okla. 


Sears only sells the units in states 
where the Caller ID service is avail- 
able.—Dawn Stover 


Not a high-powered idea 


Electric cars like the General Motors 
offering in April’s “Automotive News- 
front” are not the answer to fuel and 
air-pollution problems: If we switch 
to electric cars, we'll just increase the 
amount of pollutants made by coal- 
fired power plants. Also, such cars 
will require us to generate more elec- 
tricity—something already in short 
supply at peak times in many areas. 
Douglas A. Kohl, Osseo, Minn. 


Stealth: worth the price? 


Thank you for ending your article on 
the F-117A with a key feature of these 
planes (“Spotlight on the Stealth 
Fighter,” July]. It isn’t their high-tech 
composite materials, their wild shape, 
or even their invisibility to radar: It's 
their astronomical cost. The only way 
the Air Force could convince me that. 
a B-2 stealth bomber is worth half a 
billion dollars would be to fly one to 
the moon and back. 
Jeffrey Davis 
St. Paul, Minn. 


Correction: The frequency response 
of the Sony non-tracking playback 
system mentioned in July's *Elec- 
tronics Newsfront" is 10 to 15,000 
hertz. 


Address letters to Readers Talk Back, POPULAR SCIENCE 
2 Park Ave., New York, М.Ү. 10016. Or fax your letter to 
us at (212) 779-5468. We reserve the night to edil for 
‘space and clarity and cannot answer unpublished letters, 
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LIFE SUPPO 
SYSTEMS 


Delco Freedo 


NCEFREE BATTERY 


Even if your car isnt ailing now, AC-Delco parts can still help get it started and keep it going. 
Because all AC-Delco replacement parts are designed to meet the performance and reliability standards a car requires. 
So make sure yours receives routine checkups and quality AC-Delco parts. Its just the kind of maintenance 
every car needs to help it live a long and healthy life. For the AC-Delco retailer nearest you, call 1-800-AC-DELCO. 


AC-DELCO 21812 IT'S LIKE BUYING TIME. 


BY JUDITH ANNE YEAPLE 


What’s New 


Comfytyper > 8 

Swedish physi- || 
cian Johan Ull- 

man designed his 
keyboard to con- 
form to a typist's 
hands, reducing 
the neck and 
shoulder strain 
often produced 
from the slightly 
twisted, unsup- 
ported hand posi- 
tions necessary 
for conventional 
keyboards. Two 
padded palm rests 
allow the hands to 
drape over the 
keys, which are in 
the conventional 
order. The unit is 
now being evalu- 
ated by several 
manufacturers. 


<4 What a view it would be—500 stories over Tokyo Bay 


Nearly five times taller than New York's World Trade Center, the 500-story 
Aeropolis 2001 someday may tower above Tokyo Bay. Designed by Ohbayashi 
Corp., the proposed building would house offices, apartments, a hospital, plus a 
convention center. High-speed elevators could zip people to the top floor in 15 
minutes. Designers would need 25 years to build the $326-billion skyscraper. 


Dual control > 


Leica's new line of bin- 
oculars have one two- 
part control knob to 
adjust the diopter settings 
as well as focus. Pull out the 
rear half of the knob to adjust 
each ocular separately to suit each eye. Push the knob halves 
back together to focus both tubes simultaneously. Retracta- 
ble eyecups compensate for people who wear eyeglasses. 
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Safer needle A 


The Recapper lets health-care workers 
recap needles safely. Squeeze the han- 
dle and a toothed jaw grips the cap, 
letting you pull the needle from its 
cover. When recapping, the wide plate 
shields your hand from accidental 
pricks. On-Gard Systems, 1900 Grant 
St., Suite 710, Denver, Colo. 80203. 


High-seas watchdog will scan for enemy subs A 

Rough seas won't hinder the Navy’s Victorious from scanning for enemy subma- 
rines. Two thin struts, which connect to the bulbous hulls, have a small surface 
area at the waterline. This gives the ship more than twice the stability of a similarly 


sized monohull ship when suspended in 16-foot waves. Launched from a crane 
last May, the 2,600-ton vessel will tow a surveillance unit to detect submarines. 


Gamma 
detector > 


In November, the 
17-ton Gamma 
Ray Observatory 
will begin to de- 
tect the entire 
gamma-ray spec- 
trum using four 
separate instru- 
ments. It’s the sec- 
ond satellite of 
NASA's Great Ob- 
servatories; GRO 
will monitor gam- 
ma-ray-emitting 

quasars, pulsars, 
and black holes. 
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BY MARCELLE M. SOVIERO 


What's New 
RECREATION 


4 Easy shifter 


This five-speed 
bike hub has a 
wide gear-ratio 
spread of 2.24:1 
(224%)—a plus if 
you ride over var- 
ied terrain. The 
hub's compound 
planetary gear 
train has a friction 
clutch for smooth, 
safe braking. Fich- 
tel & Sachs AG, 
8720 Schweinfurt, 
West Germany. 


< Drop-in steps 


You can drop 
these polyethy- 
lene steps in your 
pool for easy en- 
trance or exit, and 
take them out 
when you need 
more space. The 
distance to the top 
step easily adjusts 
to most pool 
heights, and a 
sand-filled ballast 
container pre- 
vents the stairs 
from floating. 
Side-panel grill- 
work allows wa- 
ter to circulate be- 
hind the steps. EZ- 
Steps, Box 2647A, 
York, Pa. 17405. 
Price: $650. 


Wireless brake light A 


When you squeeze your bike's front 
brake lever, this battery-powered brake 
light goes on. It needs no switch or e 
ternal wiring. A spring-loaded cable 
one electrical contact; the brake c 
ber itself completes the . You 
mount the light to the frame using the 
brake caliper's pivot bolt, which forms 
the ground terminal. Ult RUE Lto 
Unit 212, Springvale Indust 
Cwmbran, Gwent NP44 5B: 


< Cushy capis 


air mattress is sel 


up and the air flows out. Six self- 
adjusting, interconnected air cham- 
bers allow the mat to contour to 
vur body profile so you feel only 
n—never rocks and peb- 
c Designs, Inc. (5815 
Bennett Vall y Rd., Santa Rosa, Calif. 
95404). Price: $45. 
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JOIN THE AIR FORCE 
AND SEE THE WORLD'S 
MOST EXOTIC TERMINALS. 


Terminals that push pilots beyond their limits. 

Terminals where dogfights are played out 
with sweaty realism. 

Terminals where futuristic aircraft designs 
are modified in just seconds. 

Its all part of the most sophisticated 
| computer technology in the world. 

—— And if you have 
the desire and the aptitude, you could become 
a part of it. 

Youll receive not only the highest-quality 
technical training, but guaranteed hands-on 
experience, Use equip- 
ment and technology 
so advanced, it may 
be years before the 
rest of the world even “== 
reads about it. 

But theres much 
more to the Air Force 
than mainframes and megabytes. 

We offer equally exciting opportunities in to- 
days most sought-after fields. Electronics. 
Medicine. Aircraft mechanics. Communications. Over 200 careers in all. 

Plus the chance to pick up college credits or 
$ even an Associate of Applied Science degree 
in the fully-accredited summ yide 
of the Air Force. 

Interested? Give us a call at 

1-800-423-USAF You'll find there M 


some terminals where futures 
get off the ground. 


BY WILLIAM J. HAWKINS 


First speaking thesaurus A 
Type a word, such as “speak,” and 
Franklin’s pronouncing thesaurus dis- 
plays alternatives—“talk,” “utter,” 
“voice”’—on its LCD, then says the 
words via its built-in voice synthe- 
sizer. The hand-held unit contains 
487,000 synonyms and 76,000 defi 
tions. Price: $150. 


Good listener > 
When it's with you, Cobra's Traveler 
is a portable dictation machine. But 
leave it behind—plugged into the 
phone line at home, the office, or 
in your hotel room—and the clev- 
er device becomes a phone an- 
swering machine. It’s 3.5 by 6.1 
inches, AC-DC powered, and 
can be operated remotely via 
a Touch-Tone telephone. 
Price: $180. 


< Computer 

pencil 

The MousePen 
makes computer- 
aided design work 
and desktop-pub- 
lishing graphics 
easier to create. 
Because it’s held 
like a pencil, it’s 
more natural to 
use, says Interna- 
tional Machine 
Control Systems 
(1332 Vendels Cir- 
cle, Paso Robles, 
Calif. 93446). PC 
version: $149; Ap- 
ple version: $129. 
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Jitter-free A 

Walk—even ride in a vehicle—while us- 
ing Panasonic's 1.7-pound VHS-C cam- 
corder, and any jitter the camcorder 
“sees” is removed by an electronic 
image-stabilization circuit for a vibra- 
tion-free picture. The PV-40 is $1,300. 


Take-along TV game V 


You can play any of NEC's TurboGrafx- 
16 home video games at home or on the 
go. The TurboExpress portable uses the 
same game cartridges as NEC's home 
unit and displays the graphics on a 
high-resolution (238 by 312 pixels) 2.6- 
inch color LCD. An optional TV tuner 
converts the game into a television set. 
Available in November, the TurboEx- 
press will cost about $250, with the op- 
tional tuner, about $100. 


On our way 
to the HDRA/SCORE 
| C Class 8 е 
2һатріопѕһ: 
we passed 57942 fac 
| 127391 snakes 
and 47 Sunday Drivers. 


There's no limit to what winners can achieve when they stick together. And when it's 
the winners that make up American Thunder, the off-road truck team sponsored by 
Mobil 1* BFGoodrich T/A* Radials and Chevrolet, we proved you can ly stick it to the 
competition. 

During American Thunder's championship run, Mobil 1 proved time and again that 
it provides superior engine protection both on-road and off. BFGoodrich T/A radial truck 
tires were on à roll, too, providing control and performing exceptionally on some of the 
most unpredictable courses in the world. And Team Chevy's specially equipped C/K pickup 
did the rest. With Frank "Scoop" Vessels стаса the finesse, guts and perseverance 
needed to take HDRA/SCORES Class 8 с pionship. 


So don't pass by your RDO Ra to ride with the winners, or they just might pass 
you in the process. Ride wit 
power of American Thunder. 


Mobil 1, BFGoodrich T/A Radials and Chevrolet and feel the 


The ultimate in sound...The 
The ultimate in saving: 


Sinead O' Connor: 1 Do Depeche Mode: Violator Fleetwood Mac : Behind 
Got (ehysals) S381 Start with Д COMPACT DISCS (Sire) 73408 Tha Mask (Warner Bos) 


à à Damn Yankees 
The Bats: Cosme y plus shipping & handling with membership. (Warner Bros.) 14852 "— s Rhythm Р 
ing (Reprise) i А Billy Ocean: Greatest 
миш Vanili; Giri You Buy just 1 smash hit in one year's time Mita (Owe) 24510 Aerosmith; Pump 
now It's True n) 63678 
Polson: Open Up And 
биш) 01098 Ahhh! Skid Row (Atlantic) 01038 
The Church: Gold After Then get 1 CD of your choice, FREE* (Сар) 73909 MEE ibas Жанр 
noon Fix (Arista) 71667 ас s ew Marus rie АУ) | 
Send: пота Бекте Plus choose e ir tst UE кыре е ee bio Centon: | 
: Insi your m Hank Willams, J | 
(ОВР) 72743 но, I: (Polydor) 23385 | 
Don Henley: End Of The MamerCurb) eon Best Of Steve Winwood: 
кө e Golan o 01064 Enjoy 8 CDs for the price of one Mike Oldfield: Tubular — Chronicles (siano) 34501 
Bells (Virgin) 70345 ieee Quarist Pat 
TERT toyum) ат i Jude Cole: A View From Metheny, Pla i 
: г Play Steve 
Marvin Gaye: 15 Great- Nothing more to buy...EVER! 3rd Street (Reprise) 00862 Вест (Nonesuch) 01013 
et Hito (Motown): 00094. James Taylor: Greatest Stairway To Heaven, 
Kentucky Headhunters: Hits (Reprise) 23790 Highway To Hel 
EDE ашый ы н ОО + 
The Best Of L Wilson Phillips (S8K) Led Zeppelin IV (Runes) Teohnotronkc: Pom е е (Bekra) 01108 
Ума у= ro буга: Fast " 
Anthony & The! Imperiale 00726 (Atlantic) 12014 тне gentho Album Poland! (GP) 00829 Tus dames ithe 
oe World Party: Goodi Cher: Heart Of Stone Fest: nng Shendeils: Anthology 
Tears For Fears: Seeds Jumbo (Chrysalis) (Gotten) 42874 Teenage Mutant Ninja Little Feat: Representing — (Rhino) 44185 
33653 Turtles/Soundtraci , 
Ol Kove (ran) Bell Biv DeVoe: Poison Kenny G: Live Gao ons (Warner Bros.) 43785 Bette Midler: Beaches 
The Million Dollar (MCA) 00547 (Arista) 64505 ) Randy Travis: No Holdin’ (Atlantic) 00793 
Em [A Johnny Gill Stevie Wonder: 20 Love Fone (Canta) $4410 Back (Warner Bros.) 34766 Fleetwood Mac: Greatest 
(Motown) 00738 Songs (Motown) 43886 ZZ Top: Afterburner Hits (Wamer Bros.) 00796 
Best Of John Williams! ^ BobbyBrown:Dancel.. Cowboy Junkies: The Fine Young Cannibals: (Warmer Bros.) 64042 Tracy С : Cross- 
Ya Know it (MCA) 72660 Caution Horses Cooked AAS) 01068 Воп Јом: Slippery When "9808 (Еа) d 
Najee: Tokyo Blue Gung N' Roses ite Wet (Mercury) 43465 
hs Gt Hia) (AAM) Giao For Bestructon (80880) rni wine C a 
Syd Straw: Surprise P Whitney (Arista) 52854 
(Virgin) 41292 Chicago: Greatest Hits ae Grant: Edge Of The Def Leppard: Pyromania After 7 (Virgin) 00948 
(Modern) 70946 Cinderela: Long Cold A (Reprise) 63363 — world (Verve) (Мос 7080s Pretty Мота 
Classic Rock, Vol. 2 ter (Макому) о yr Й Clint Black: Killin’ Time Best Of Bad Е jr 
(MCA) 44314 Best Of Buffalo Spring- a н а. (ЯСА) 01112 10 From 6 (Atlante) 60521 эе pee a 
David Lanz: Cristofori's * А ‘Scorpions: Best О! Enya: Watermark 
David Lanz: Craters = (ATCO) aii o Spring (RE) Ser кт [orm Bown The Line Mea 
The Big Chill/Soundtrack hers: Encore lue Mercuy) 00002 The Smithereens 11 
(Motown) 33970 ч оу) ана Бекс azz СО Sampler (Capitol) 10619 сенге up yn 
Pat Metheny Group: (enue) etin Besson (осмонат! Best Of Mitch Ryder & (Sire) 00560 
Letter From Home - _ DiryDencig Sound- ‘The Detroit Wheels: Rev The Best Of Sheena 
(Geffen) 50395 dive Presents: Yol MTV ‘The Black Crowes: iar (RCA) Up (Rhino) 64188 Терен УЮ 
Peter Murphy : Deep ape. (nel end GratefulDead:BuilTo — The Diay o 
res ещр НШ DRAT ре. UD an 
Love And Rockets at sea Diana Ross & The 
[rpm (Sire) 83829 А Peach (Polydor) 63353  Sumremes: 2) Greatest Restless Heart : Fast Whitesnake: Slip Of The 
Fabulous Baker Best Of The Velvet Elvis :18Number Hits (Motown) 63867 Movin’ Train (RCA) 10802 Tongue (Geffen) 01147 
Soundtrack (GRP) 3637 CERIN (ein) Сево sag Tchaikovsky, 1812 Robinson: Hte Сй 000709810 
аон Feet Ot Simon & Gartunkel: The Overture (London Metallica: ...And Justice 
Теле, пие О! Elton John: Greatest (Motown) For All (Elektra) 00478 
S Hits, Vol. 1 (MCA) 63322 (Wamer Bros.) 44006 up Fragile (Atlantic) Chris Thomas: Cry Of Sidewinders: Auntie 
Rod Siewert: Greatest The Stone Roses Poco: 53807 Ramos’ Pool Hall 
Hits (Warner Bros.) 33779 (Silvertone) 53921 (RCA) Neil Young: Freedom (Hightone) 80101 (RCA) 44017 
C уат?" Tull јот Mitchell: Blue Jimi Hendrix: Electric (Reprise) 54012 The Moody Blues: Great- — Duke Ellington: Orches- 
(Chrysalis) (Reprise ) 73796 Ladyland (Reprise) 23362 Crosby Sits, Nee а est Hits (Threshold) 34284 tral Works (MCA) 53780 


Gun: Taki " " : 
Talking Heads: Naked Heart: В! с Greatest Hita (So The Doobie Brothers: Winger 
World (АЕ) 82473 (геу) 53810 (Сары) 6305 Fer) {хале 30230 Cycles (Capitol) 73187 (Atlantic) 00830 


Day: 
Open Hand (aah) ООМО 


i Bruce Hornsby: A Night 
On The Town 
(RCA) 63689 


Сабу ‘Simon: 
Romance Ad 24824 


Mötley 
БА (ега) 33928 


Jeff Healey Band: Hell To 
Pay (Arista) 00544 


Eric Clapton: Journey- 
man (Warner Bos 53940 
Tom Petty: Full Moon 
Fever (MCA) 33911 
Roy Orbison : Black And 
White Night (Virgin) 64495 
The Traveling Wilburys: 


Vol. One (Wilbury) 00711 


George Harrison: Best 
Of Dark Horse, 1976-89 
(Dark Horse) 80307 


ohn Cougar s 


Dadd; 
(Mereun) тер Y 


R.E.M.: Green 

(Warner Bros.) 00715 
The Police: Ем Log 
You Take—The 

(A&M ) 73924 


Lisa Stansfield: 
Affection (Arista) 34198 


Pretenders: Packed 
(Sire) 00576 


Alannah 

(Atlantic) "oss 
Richard Marx: 

Offender (ЕМ) 01118 


Gershwin: S' Wondertul 
(Pro Arte ) 24758 


The Best Of Steely 
Decade (MCA) 

ZZ Top: ee 
(Warner Bros.) 64042 


Bryan Adams: Reckless 
(ARM) 51540" 

James Brown: The CD 
OF JB (Polydor) 43431 
Lynyrd Skym 

А іа 
21 Great Cou 

(tale) oT ^ 

Soul Il Soul: 


Movie’ (virgin) 14823 
Tesla: Great Radio Con- 
troversy (Geffen) 00839 


Kitaro: Kojiki 
(Geffen) 


START WITH 4 COMPACT DISCS NOW! 


he ultimate in savings... 


.The ultimate in 


MC. Hemmer: Please 
Hammer, Bone Hurt ‘Em 
(Capitol) 


(MCA) 10469 


Madonna: Like A Prayer 
м 01029 


lor Dayne: Can't 
Fon Fate (Arista) 01114 


The London Quireboys: 
A Bit Of What You Fancy 
(Capitol) 14798 

Keith Whitley: | Wonder 
Do You Think Of 

(RCA) 33768 

Rickie Lee Jones: 
Cowboys (Gotten) ӨТ 
Best Of The Doobie 
Brothers 


(Warner Bros.) 43738 


Gary Burton: Reunion 
(GRP) 24792 

U2: Rattle And Hum 
(island) 00596 

Lenny Kravitz: Let Love 
Rule (Virgin) 54439 


sound...The 


COMPACT 


Lita Ford: Stiletto (RCA) 
63893 


Quincy Jones: Back On 
The Block (Qwesi) 64116 
Bon Jovi: New 

(Mercury) 00518 
Roxette: Look Sharp! 
(EMI) 01106 

James : Greatest 
ite (hon) 73233 


Best Of The Chiffons. 

(Laurie) 64427 

Boston: Third Stage 

(MCA) 73392 

em Holt 
may! y a 


fan Halen 1 
(Warner Bros.) 14620 


Linda Ronstadt: Great- 
est Hits (Elektra) 63905 


Jane Child 
(Warner Bros.) 60204 


with nothing more to buy... ever! 


Slaughter: Suck To Ya 
(Chrysalis) 42308 
hey ht Be Giants: 
Flood (Elektra) 14772 
Travis Tritt: Count 
Club (Warner Bros.) 60195 


The Beach Boys: Pet 
Sounds (Capitol) 00513 


Bird-Original Record- 
ings Of апе Parker 


(Verve) 01044 


Horowitz At Home 
(DG) 25211 


AC/DC: Back In Black 

(Atlantic) 13772 

Dion & The Belmonts: 
‘The Wanderer (Laurie) 


Guess Who: Gi 
Hits (RCA) 34186 


Paula Abdul: Shut Up 
And Dance (The Dance 
Mixes) (Virgin) 80326 
Linda Ronstadt: Cry Like 
A Rainstorm, Howl Like 
The Wind (Elektra) 52221 
Miles Davis: Birth Of The 
Cool (Capitol) 54138 
Dio: Lock Up The 
Wolves (Reprise) 00577 
Frank Sinatra: Capitol 
llector's Series 
(Capitol) 64362 
Iron Butterfly: In-A- 
Gadda-Da-Vida 
(ATCO) 44356 
Peter Gabriel: Passion 
(Geffen) 63668 


hat Brown ОЯ) 


pele Mariner: Laredo 
(MCA) 00546 


SAVE 


50% ; 


INSTANT HALF-PRICE BONUS PLAN 
You get 50%-off bonus savings with every CD 
you buy at regular Club prices...right with 

our very first purchase ...unlike other clubs 
that first make you buy 4, 6 or more. 


Yes, start with any 4 compact discs shown here! You need buy 
just 1 more hit at t rogar Club prices (usually $14.98—$15.98), 
and take up to one full year to do it. Then choose another CD free. 
In addition, as a member in good standing, you can get 2 more 
selections Free after completing your first year of membership. 
That's 8 CDs for the price of 1 with nothing more to buy... ever! 
(A shipping and handling charge is added to each shipment.) 


HOW THE CLUB OPERATES 

You select from hundreds of exciting CDs described in the 

Club's magazine and mailed to you approximately every three 
weeks (19 times a year). Each issue highlights a Featured Selec- 
tion in your preferred music category, plus alternate selections. If 
you'd like the Featured Selection, do nothing. It will be sent to you 
automatically. If you'd prefer an alternate selection or none at all, 
just return the card enclosed with each issue of your magazine 

by the date specified on the card. You will have at least 10 days to 
decide or you may retum your Featured Selection at our expense. 
Cancel your membership at any time after completing your enroll- 
ment agreement, simply by writing to us, or remain and take 
advantage of bonus savings. 


FREE 10-DAY TRIAL 

Listen to your 4 introductory selections for a full 10 days. If not sat- 
isfied, return them with no further obligation. You send no money 
now, so complete the coupon and mail it today. 

*А shipping/handling charge is added to each shipment. 


С0672А BMG Compact Disc Club, 6550 E. 30th St., Indianapolis IN 46219-1194. TRADE- 
MARKS USED IN THE АУТ ARE THE PROPERTY OF VARIOUS TRADEMARK OWNERS. 


— recte. 


START SAVING NOW—M, TODAY! |ы um um um om m u 


Mail to: BMG Compact Disc Club P.O. Box 91412/Indianapolis, IN 46291 


YES, please accept my membership in the BMG Compact Disc Club and send my 
first four selections, as | have indicated here, under the terms of this offer. | need 
buy just one more CD at rogaa Club prices during the next year —after which 1 
can choose another CD FREE! In addition, as a member in good standing, | can 
get 2 more selections FREE after completing my first year of membership. That's 

CDs for the price of one...with nothing more to buy, ever! (A shipping/handling 
charge is added to each shipment.) 


RUSH ME THESE 4 CDs NOW (indicate by number): 


1 D EASY LISTENING (Instrumentais/Vocal Moods) 
2 D COUNTRY 3 C HARD ROCK 


1 am most interested in the musical 
category checked here--but | am always 
{ree to choose from any (check ane only) 


4 СО.РОР/ЅОҒТ ВОСК 5 CICLASSICAL 
First Мате Initial Last Name. (PLEASE PRINT) 
Apt. 
State. Zip 
Telephone ( 


Area code b Z23053 @ 


Signature 
We reserve the right to request additional information or reject any application. Limited to new members, 
‘continental USA only. One membership per family. Local taxes, if any, will be added. 


BY JUDITH ANNE YEAPLE 


What’s New 
HOME 


Remote wall switch А 
Snap on a light from across the room 
with the HomeMate wireless wall 
switch system. The battery-powered 
wall switch transmits a radio signal to 
the receiver to control a lamp or small 
appliance plugged into it. The receiver 
plugs into a standard AC outlet. The 
transmitter’s coded signal works up to 
50 feet away—even through walls. Van- 
tage Technologies, 425 Pleasant St., Fall 
River, Mass. 02721; $30. 


Two is better than one > 


Weather Shield’s hardworking windows 
combine two coated low-emissivity sur- 
faces and two spaces—filled with argon 
gas instead of air. The Supersmart win- 
dow’s insulation rating can be as high 
as R-6, depending on size. The gas-filled 
spaces also help block outside noise. A 
two-foot-nine-inch-by-four-foot clad 
casement costs about $280. Weather 
Shield Manufacturing, 531 N. Eighth 
St., Medford, Wis. 54451. 


J 4 Parquet patterns 


Avonite breaks new ground in solid sur- 
g materials with its Southwest se- 
of geometric patterns. Available in 
30-by-72-inch sheets, the material can 
be used for counter tops, floor in- 
lays, and other architectural ele- 
ments [“Tech Tops," Dec. '89]. The 
thermo-bonded parquet sheets 
have strength characteris- 
tics similar to conventional 
solid surfacing sheets. 
Avonite, 5100 W. Goldleaf 
Circle, Suite 200, Los Ange- 
les, Calif. 90056. 
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К т 
Flexible fixer А 


You can replace a ruptured copper pipe 
in minutes with the Freeze-Fix water- 
line rep: kit. The flexible stainless- 
steel braided hose has Springo solder- 
less fittings at each end that snap over 
copper tubing (% ог % inch). Available 
in 12- and 18-inch lengths, the hose will 
withstand temperatures from minus 40 
to 300 degrees F and pressures to 500 
psi. Price: about $8 for the 12-inch pipe, 
$10 for the 18-inch. Waterline Products 
Co., 175 Cityview Dr., Rexdale, Ontario 
M9W 5B1. 


Sunnier skylight V 


Unlike traditional skylights, the Ex- 
cel-10 Skywindow rests on top of the 
roof, not suspended inside the opening. 
This wood and vinyl design forms a bet- 
ter seal, claims the maker, and elimi- 
nates the usual air space that must be 
stuffed with insulation. The slim frame 
holds a larger pane of glass for the sky- 
light’s size. Prices range from $176 to 
$413, depending on size and venting. 
Wasco Products, Residential Division, 
Box 351, Sanford, Maine 04073. 


If you dont have 12 inches of attic insulation, 
you dont have enough. 


According to the Department of 
Energy, most attics should be insulated 
R to an R-value of 38. That's 12 inches of 
Ld Owens-Corning Pink* Fiberglas” blan- 
ket insulation. Unfortunately, too many homes don't 
have enough. They waste heat in the winter; air con- 
ditioning in the summer. And money year round. 
What about your house? To find out if you're 
properly insulated, take a ruler up to the attic. If you 
don't have 12 inches of Pink Fiberglas blanket insu- 
lation, visit your Owens-Corning retailer and get 
some more. It's easy to install. And cheaper than 
years of high fuel bills.** 
To find out more about insulation recommen- 


©О. СЕ Corp. 1990 @& © United Artists. All rights reserved 


dations in your area, call 1-800-GET-PINK (Ext. 79) 
or send in this coupon for a free 32-page color book- 
let. After all, who wants to live in a house that 
doesn’t measure up? 


Mail to: Owens-Corning Fiberglas Corp., Attn. C.J.H. Meeks, PO. Box 44179, 
Jacksonville, FL 32231-4179. Please send me a free copy of “A Homeowner's 
jon.” 1 am interested in this for: 0 building a home, 
O adding insulation 


Address. 


Ciy State. Zip. 


**Savings may vary. Higher R-values mean greater 
insulating power. Find out why in the seller's fact sheet. 
on R-values. 


*The color Pink is a trademark of Owens-Corning Fiberglas Corp. 


BY MARIETTE DiCHRISTINA 


an 


Add-onjaws > 
Slip the Adapt-A- 
Drive shank into 
a cordless screw- 
driver and you'll 
have a three-jaw 
chuck, ready to 
accept standard 
drill bits—to м 
inch in diameter 
—and also other 
round-shank ac- 
cessories. The Ja- 
cobs Chuck Man- 
ufacturing Co., 
Box 592, Clemson, 
S.C. 29633-0592; 
about $18. 


Paint it all “green” A 

The Ecopaint concept calls for packaging paint in squeeze 
bottles and sealed pouches, with leftover paint recycled. For 
now, you can buy bottles of latex paint for $3.50, or a kit 
with a squeeze bottle, two bendable applicators, two foam 
brushes, a reusable handle, a putty knife, and a Pad Gun 
for $7. Kimat Paint, 1178 Walnut St., Newton, Mass. 02161. 


4 Two-way air 


Changing oil in a small engine? The 
Thomas Model 1020 air compressor can 
help. How's that? For $25 you can add 
the Oil-Vac accessory kit and convert 
the compressor to a vacuum pump 
that will slurp out the old oil. The %-hp 
compressor ($160) delivers air at 10 to 
100 psi. Thomas Industries, 1419 Illinois 
Ave., Sheboygan, Wis. 53082-0029. 


Clear-covered cutter > 


This hole-cutter’s flying blade is en- 
closed in a transparent bowl that con- 
tains chips and dust. You can use it in 
stationary or portable drills to cut holes 
from 1.2 to 6.4 inches in diameter. Yuan 
Chia Enterprise Co., No. 50, Lane 41, 
Hsinsheng N. Rd., Sec. 2, Taipei, Repub- 
lic of China. 


4 Hold everything 


Load up Tool Kaddie's six vertical 
bins, three drawers, and two adjusta- 
ble shelves with your tools, and you can 
wheel them to the job. The polyethyl- 
ene caddy's open lid serves as a work 
surface. Price: around $155. Kaddies 
Inc., 1601 N. Main St., Suite 203, Wal- 
nut Creek, Calif. 94596. 
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Now, Save Over $80 With The Free 
Pennzoil Car Care Savings Book! 


This is the one book you'll want to read cover to today - and start saving over 
| cover. Because it's filled with coupons that will $80! Because when it comes 
save you over $80 on top-quality car care prod- to great products and 
ucts, from some of the best names in the car care great savings, Pennzoil 
industry! wrote the book on it. 
And it's yours free just by mailing in 5 coupons 
from the back of specially-marked bottles of 
quality Pennzoil” Motor Oil. 
So send for your free Car Care Savings Book World Class Prtection® MC 


American Racing-Wheels B ANCO-Wiper Blades/ 
Accessories B Bondo-Body Repair Products | 
Bosch-Spark Plugs, Fog/Off-Road Lights 
ellular Phone @ Gumout-Fuel Injector 
е Peak-Antifreeze @ Pennzoil- Motor Oil 
Petersen Publishing- Magazine Subscription 
Purolator-Air/Oil Filters 
Skil-Cordless Power Wrench Bi Swingster- 
Pennzoil Jackets Ш Sylvania-Auto Emergency — | 
Lights B "The Club'-Car Theft Prevention 


G 
Clea 


Announci 
The Power 
That Took 


To Develop. 


Wee seen a mountain of power tapes since we 
built the first one over fifty years ago. But this Lufkin* 
Series 2000 is the best yet. 


Years 


This is because, while it’s an entirely new design, 


we started with a few proven components. Like the guts 
ofthe tape. After i. some dede just don’t us better. 
Most everything else we improve: Tone you'll 


notice right away is the new blade, with its improved color, 
graphics, and virtually unbreakable end hook. 
What we couldn't improve, we reinvented to 


look and work better. With the help, we should add, of 


Cooper Industries, Inc 


several hundred tradesmen from around the country 
who worked with the prototype and told us how to make 
it even better. 

That's why the rounded case feels as if it's part 
of your hand. And has the lock located on top, where 
your thumb rs it should be. 

So if you use a power tape, check out the new 
Series 2000. And the No Risk Trial Offer that comes 


with every one. It might be an- 
other fifty ears before you see Соореооһ5) 


anything that can touch it. 


ADIVISION OF COOPER INDUSTRIES, INC. 


By ARTHUR FISHER 


Brightest X-ray source 


The artist’s rendering above shows 
the new Advanced Photon Source 
(APS) as it will appear on completion 
in 1995, when experiments may be- 
gin. Ground-breaking began in June 
for the largest federally funded sci- 
ence project, to start in 1990. 

The APS is a particle accelerator 
—nearly four football fields across 
—whose product will be the world’s 
brightest beam of X-rays for mate- 
rials research, 10,000 times brighter 
than any previous beam output. Such 
beams are used to probe the prop- 
erties of a variety of materials. Sci- 
entists expect the APS light source to 
bring about substantial advances in 
diverse disciplines including: elec- 
tronics, medicine, biology, metallurgy, 
chemistry, and physics. The large 
ring will have room for as many as 
300 scientists working on various ex- 
periments simultaneously. 

Alan Schriesheim, Argonne Na- 
tional Laboratory’s director, said that 
the APS will be a truly national facil- 
ity, shared by academic, government, 
and industrial researchers from all 
parts of the country. “We expect,” he 
said, “instruments and beam lines 
built by industry and university re- 
searchers to bring the total construc- 
tion to one billion dollars by the turn 
of the century.” 

The initial construction cost is 
$456 million, funded by the U.S. De- 
partment of Energy’s Office of Basic 
Energy Sciences. 

Similarly powerful X-ray sources are 
being built in Europe and Japan. If 
experiments at the APS begin in 1996, 
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as now planned, they would lag ге- 
sults from the European machine by 
more than a year, a special source of 
concern to the U.S. physics commun- 
ity in the present contentious atmo- 
sphere of world physics research, But 
additional funding being sought could 
bring “first light” in early 1995. That 
schedule would leave the APS only a 
few months behind the Europeans 
and a year ahead of the Japanese. 


True-blue laser 


Scientists at IBM have announced 
the development of a compact, all- 
solid-state laser that could theoret- 
ically quadruple the information 
storage density of optical discs. 

That promise is linked to the color 
of the light this laser emits—blue 


This laser emits blue light with high efficiency. It 
could quadruple the capacity of optical discs. 


—as seen in the photo. Optical discs 
now have data encoded in a pattern 
of tiny marks, which are written by 
highly efficient and reliable infrared 
diode lasers. These code marks can 
be as small as 0.8 micron in diameter 
(a micron is a millionth of a meter). 
But blue light has a shorter wave- 
length than infrared, and so can be 
focused into a spot half as big, that is, 
0.4 micron in diameter. Using blue 
light, therefore, could allow four 
times as many tiny marks to be en- 
coded (the square of the decrease in 
diameter of a single mark) in the 
same space. 

The trouble before now has been 
the inability to make a reliable and 
efficient blue laser. William J. Koz- 
lovsky and Wilfried Lenth of IBM's 
Almaden Research Center in San 
Jose, Calif., turned the trick by con- 
verting the infrared light from a di- 
ode laser into blue light by a tech- 
nique called frequency doubling. They 
pass the diode laser light through a 
specially prepared crystal of potassi- 
um niobate that is only ': inch long. 
Its property is to double the frequen- 
cy—which means halving the wave- 
length—of a narrow band of light 
frequencies. 

The efficiency of the new laser is 10 
percent, some five times better than 
any previous blue laser device. Lenth 
says this improvement was achieved 
both by using a newly designed elec- 
trical feedback system and by using 
mirrors deposited on the ends of the 
crystal that direct the infrared light 
into a ricocheting path inside it. 

The IBM scientists hope for greater 
efficiencies to come: “We may even be 
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able to achieve an overall twenty per- 
cent electrical efficiency by optimiz- 
ing the optics design,” says Lenth. 

Besides its role in optical storage, 
IBM scientists anticipate that the 
new blue laser will find applications 
ranging from chemical analysis to col- 
orful displays. 


Tropical-forest “tragedy” 


“We were startled to uncover this rate 
of global deforestation. We were 
saying we were losing the forests at 
an acre a second, but it is much closer 
to an acre and a half a second." 

The revelation was announced by 
James Gustave Speth, president of 
the World Resources Institute and a 
former chairman of the Council on 
Environmental Quality in the Carter 
administration. The occasion was the 
release of a massive report, "World 
Resources 1990-91," prepared by the 
nonprofit research and policy organi- 
zation in conjunction with the United 
Nations Environment Program and 
the United Nations Development 
Program. 

The rate of tropical-forest loss cal- 
culated by the Institute is 40 million 
to 50 million acres a year, equivalent 
to a patch the size of Washington 
State, mostly due to timbering and 
clearing for agriculture and building. 
The rate is almost 50 percent greater 
than that reported in the previous 
global estimate, made in 1980 by the 
United Nations Food and Agriculture 
Organization. 

The results were based on data 
gathered by Landsat and National 
Oceanic and Atmospheric Adminis- 
tration remote-sensing satellites. 

The destruction of tropical forests 
contributes to global warming by 
decreasing plant uptake of atmos- 
pheric carbon di- 
oxide and by 
spewing green- P 
house gases into the 
air if the trees are 
burned. Moreover, this 
rate of deforestation threat- N 
ens Earth's rich portion of bio- 
diversity; the tropi- 


The 


cal forests contain the 
greatest abundance of both 
animal and plant species, many of 
unknown potential value. 

Sen. Patrick Leahy of Vermont, 
chairman of the Senate Agriculture 
Committee, stated: "This is the first 
reliable data we've had on tropical de- 
forestation in ten years. A situation 


we knew was bleak is now shown to 
be truly horrendous." 

"Tropical deforestation is an un- 
paralleled tragedy," said Speth. “If 
we don’t reverse the trend soon, it 
will be too late.” 

Commenting on the apparent re- 
luctance of the current administra- 
tion and some other countries to 
begin decisive action to reduce the 
possibility of catastrophic global 
warming, Speth noted that while 
some doubts remain, the scientific 
consensus is that “the risks of global 
climate change are very real and it 
would be very shortsighted to con- 
clude otherwise. The conclusion of 
the great bulk of credible scientists 
is that enough is known to act now. 
It is our view that it is already late.” 

One other genuine surprise con- 
tained in the World Resources Re- 
port, says Dr. Allen L. Hammond, its 
editor-in-chief, is an index of green- 
house-gas contributions by country. 
The index is unique because it 
doesn’t simply tabulate the amounts 
of the various greenhouse gases pro- 
duced, but weights them according 
to their actual contribution to green- 
house warming. Chlorofluorocar- 
bons, for example, are far more ef- 
ficient warmers, molecule for mole- 
cule, than methane, which in turn is 
more potent than carbon dioxide. 
When the index is weighted to ac- 
count for these differences, the re- 
sults show that the United States is 
the leading greenhouse offender, 
followed by the Soviet Union, and 
then Western Europe. But the next 
three major contributors are Brazil, 
China, and India—all Third World 
countries. 

This is surprising, and ominous, 
news. Most analysts had believed 
that the undeveloped countries had a 


Northrop-McDonnell Douglas YF-23 Advanced Tactical Fighter is 
designed to be more than twice as reliable as today's fighters. 


long way to go before their green- 
house impact would rival that of the 
developed world. But the report finds 
that Third World countries already 
contribute some 45 percent of green- 
house gases (weighted for potency). 
As their rush toward full industrial 
development accelerates, they will 
consume far more energy, at the ex- 
pense of yet further increases in 
greenhouse gases. 


Problems are plaguing the Hubble 
Space Telescope, and the latest batch 
spells real trouble. 

Worst of all is the belated discovery 
that one of its two light-gathering 
mirrors was ground—laboriously and 
expensively—to the wrong specifica- 
tions. The mistake could hobble 
much of Hubble’s vaunted optical 
superiority. 

More on Hubble's troubled mission 
next month, 


Advanced fighter rolls out 


“They are the next generation of air- 
craft. And they're not an evolution, 
they are a revolution." 

The speaker was Gen. Ronald W. 
Yates, head of the Air Force Systems 
Command, and the occasion was the 
rollout of the new YF-23 Advanced 
Tactical Fighter (ATF) at Edwards 
Air Force Base in California. 

This demonstration model of the 
nation's next-generation air superi- 
ority fighter, explains Yates, repre- 
sents "the world's most advanced 
technologies in engines, avionics, and 
materials." 

Designed and built by a Northrop- 
McDonnell Douglas team, the YF-23 
below would be a highly maneuverable 
aircraft, and 
the first fight- 
er to cruise at su- 
personic speeds 
without using its 
afterburners, keeping 
approximately one-third of 
its power in reserve. 

The aircraft is de- 


signed to operate with less 
than half the maintenance need- 
ed for current fighters and to be 
more than twice as reliable, with a 
turnaround time half that of to- 
day's. These gains result, in part, 
from a drastic reduction in the num- 
ber of parts, and the use of new ma- 
terials, some still classified. 
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(| ГА) Bosch Platinum Spark Plugs. hi 
lij ^ The ultimate spark plug ensures M 


quicker starts, smoother-acceleration 
Щ and top fuel efficiency. Sold'in four- 
lij ^ andsix-packs only. For many cars and light 
, гис... А... Sale 1.59 ea: 
B| GE 
4 High or low, round or rectangular 

5.77 еа. 


aM... + 
Dual round.or rectangular or replacement 
bulb 7... ees ETT еа: 


n The quality you need, 
the price you want. 


"Ing fast-forward, local/distance capability 


noise of your 
own during the 
next rush hour. 


When the Andrettis drive over to 
their local K mart in Nazareth, PA, 
it's one of the few times they're not 
ping over 200 mph. They love 
peer two reasons: sponsoring 
their Newman/Haas Lola racin; 
team and for the great prices in their 
automotive department. 


[А] Jensen CS 2500 AM/FM Stereo 
Cassette. AM/FM stereo cassette deck 
with automatic program control, seek 


tuning and 18 presets, 

Save 30.00 .. .. Sale 99.00 
[В] Kraco KGE 601 AM/FM Stereo 
Cassette, 3-band graphic equalizer, lock- 


and stereo indicator. 
$а\#1500............ Sale 59.00 
[E] Jensen CS 4500 AM/FM Stereo 
Cassette, Auto-reverse, seek tuning, 
fader and 18 presets. 

Save 30.00 ...... .. Sale 119.00 


with 3-band graphic equalizer and soft- 
touch push-button tuning. 
Save 20.00 ......... Sale 89.00 


and 5 FM station presets. 


[Е] Audiovox AMP 785 7-Stide | 
Equalizer/Amplifier. \ 
50-watt equalizer with dual-power meters, Ш 
LED slide controls and built-in fader. * 
$ау@15.00............ Sale 49.00 


[E] sparkomatic C45 Stereo Cassette |" 
with Speakers. AM/FM stereo cassette -Myy 


with matched 4" speakers. Includes | 
wiring and simple instructions. Fits mi 
most cars and light trucks. My 
Save 20.00 ........... sale 49.00 jj) 
[H] Whistler WH 750 Radar Detector. | 
Compact, full-feature detector with àg" (| 
highway/city mode, pulse protection и 
and 5-segment LED array. Not available ~ M 
in CT and VA. " 
Save 4000 Sale 149.00 |, 
[T] Kracocx300Mini Surtaco-Mount — | 
Coaxial Speakers. Two-way 50-watt а 
speakers complete with wiring and |н 
mounting hardware ..... Sale 29.00 M 
[7] Sparkomatic 9440 3-Way Surface- | 
Mount Speakers. 120-watt peak power М 
rating. Dome mid range and tweeters. 
5а®1000............ Sale 69.00 л 
[K] Audiovox VB-2 Vox Вох Blasters. — || 
Multi-use component speaker system. » 
150-watt maximum music power, 8" | 
woofers and ЗУУ” tweeters, 15x12"... ^ 
carpet-covered cabinet. ko. h 
Save 2000 ......... . Sale 99.00 * 


The quality you need;- \ 


the price you want. 
М 


" Make a work 
truck work 

h harder anda 
d leisure truck 


үн = 
Richard Lemmon of Harvard, 
Illinois, made a special trip to Ohio 
to buy this old '52 Ford flatbed. 
Now he makes special trips to the 
Woodstock K mart to td itin mint 


\ condition. His son, we ly, doesn't 
care where they go. He just likes.to 
Mil Fide in the truci 
'( 
i 
М 
i LA] Uniroyal Laredo Tires. Tires avail- 
(| ablein stores with service. Tires $1 more 


| in FL, WA and OK. 40,000-mile warranty. 
jj 181 Exide Centura 850 Battery. 

|, 1 Dur most powerful battery for superior 
^ starting performance. Built-in carryout 
hy handle, 850 cold-cranking amps. 75- 


month warranty ($1.50 more in Florida) 
4 Everyday low price ‚‚... 80.77 
lui with exchange 
1 Exide Centura 650 Battery. 
M (Not shown.) 
| Everyday low price . . . 49.77 
| with exchange 


"| [C] uniroyal Tiger Paw Pius Radial 

Whitewall and raised white letters. 

|. Tire available in stores with service. 
Tires $1 more in FL, WA and OK. 55,000- 

4 mile warranty. 

( D| Monroe Gas-Matic" Shocks. 
Warranted for as long as you own your 

hy car. The ultimate shock for riding comfort 

h and control. For many domestics and 

imports. Installation available. 

Mf Carryout ........ Sale 16.97 еа. 


` more enjoyable. 


Tires for Pickups, Vans & 4x4s 


Uniroyal Tiger Paw Plus 


P175/80R13 


P185/80R13 


P18: 


MONROE. 


GAS'MATIC 


IMONROE= 


GAS-MAGNUM)" 


~ 
[E] Monroe Gas-Magnum* Shocks. 
© "The ultimate shock for light-duty trucks. 
Features nitrogen charging and priming 
valve, $6" rod and 13#” bore. All-weather 
fluid, лш ктеп olt ticis, 


[F] Deflecta-Shield Aero-Sport Hood 
Deflector. Custom-molded acrylic bug 
and stone deflector. Fits most popular 
trucks to ше maximum hood 


[nae ot petu 


Western-style vinyl and poly-paid seat 
and full-size trucks, 


Vinyl truck bed cover protects cargo and 
enhances appearance, Velcro closure. 


[К] Bug and Stone Deflector. 

Smoke, red, blue or clear. For many pick- _ 
ups and vans. Includes brackets. Red not 
available in California .... Sale 17.47 


polyethylene. Sits- - 
directly on floor of truck. For many full- 
Size and mini trucks. 
Save 1000 ......... Sale 69.97 ea. 


[M] Rubber Queen/KENCO Cut-to-Fit - 
Running Boards. 
68” to 96" extruded running boards for 


The quality you need; — 
the price you Nay 


For acleaner 
car, just add 
water and these 
great deals from 


Environmental note: Since every part 
of an old battery is recyclable — the 
acid is neutralized and disposed 

of safely — batteries, when 
recycled, are considered. 
environmentally safe. 

K mart will buy your 

old car batteries for 

two dollars when you 

bring them in for 

recycling, preventing 
contamination to the 

soil by heavy metals 


A} Armor All Protectant. Economy-size 

64-02. refill Sale 8.79 

plus 3.00 rebate 

Kmart Sale Price 

Less Mirs Rebate ....... 

Price After Rebate. 

[B] Armor All Bonus Size. Helps protect 

leather, vinyl and rubber. 20-07. 

size Sale 3.88 

[C] Armor All Car Wash. Cleans and 

removes dirtand grime. Leaves an Armor 

Ali finish. 40-oz. size Sale 3.88 

D| AC Air Filter. Round air filter 

for many cars and light trucks. Available ans FUEL 
in most stores. Limit three. INJECTOR 
Panel air filter Sale 2.96 СІМ 
[E] Amoco 2-Сусіе Oil. BiAapproved А 

50/1 mixture ratio for all 2-cycle sae 
Limit 12 quarts Sale 99¢ qt 


Cleaner 
DANGER: Hamner ол ratat if зик 
Ert ua 

x 


ETETE 


[F] Multipurpose ATE Amoco 
multi-purpose automatic transmission 
fluid. Dexron Il/Mercon approved. 

For most cars and light trucks. 

Limit 12 quarts Sale 996 qt. 
[8] STP Super-Concentrated Fuel 
Injector Cleaner. 12-02. liquid cleans’ 
injectors with one application to improve 
efficiency ‚... Sale 2.00 
LH) Gumout Carburetor Cleaner. 
12-ounce liquid or 13-ounce spray 
Cleaner for carburetor, linkage and 
choke Sale 1.47 еа 


1 | Westley's Clear Magic. 23-02. all- 
purpose cleaner and degreaser for gara! 
or home Sale 2.77 
L9 | Tuff-Stuff Cleaner. Multipurpose 
foaming cleanser for carpeting, upholster 
and velour, 22-02. size Sale 1% 
К) Nu-Finish Liquid Car Polish. Protects 
and shines. Restores dull finishes. Rated 
#1 by Consumers Report . Sale 3.77: 
Nu-Finish Paste Sale 4.77 


L] Espree Wheel Cleaners. Choice of 
all-purpose, wire wheel or mag. 23-07. 
sizes á Sale 1.! 


[M] 1¥%-Gallon Plastic Gas Can. 
With spout. UL classified and MA approved. 
Manufacturer may vary Sale 2.88 


[N] 2¥2-Gallon Plastic Gas Can. 
Crushproof, lightweight polyethylene 
gas can with spout. UL classified and 
MA approved. Manufacturer may 
vary Sale 4. 
(0] 5-байоп Plastic Gas Can. 
Crushproof, lightweight polyethylene. 
gas can with spout. UL classified and 


MA approved. Manufacturer may 
vary Sale 7.88 


The quality you need; 
the price you want 


E 


Some special 
|. deals for those 
really big 
do-it-yourself 
repair projects. 


"| [A] злот Jack Stand. 

l| -Ston ratchet-adjustable jack stand wit 

locking pins Sale 17.47 

В) 2-Ton Hydraulic Floor Jack. 

ү Rectangular saddle. Swivel caster for 
easy positioning. Wheels. Style and 

manufacturer may vary ... Sale 27.47. 


k C| Stack-On 6-Drawer Chest. 


Cabinet with six large flush-front drawers ^ 

plus top tray. Mechanic quality for home 

or Work. 

Save 13.00 Sale 81.00 

Stack-On 3-Drawer Cabinet. 

Large 2634" x 18” x 29” professional- 

quality roller chest. Large storage area for 

bulky tools. Lock and key for security. 

Save 16.00 Sale 98.00 

Stack-On 3-Drawer Add-On. 

3-drawer add-on for extra storage space 
Sale 45.1 


Stack-On Hang-On Cabinet. 

Attaches to side for additional space. 
Lock and key for security. 

Save 9:00 Sale 65.00 


[D] 2-Ton Hydraulic Jack. 
Sale 8.47 


4-Ton Hydraulic Jack. 
Style and manufacturer may vary 
Sale 


6-Ton Hydraulic Jack. 
Sale 12.47 


On sale August 26 through September 8, 1990, 
at most Kmart Stores across the U.S.A. 


Kmart ADVERTISED MERCHANDISE POLICY 


The quality you need, 
the price you want. 
== s s s 


Science Newsfront | 


The YF-23 is in competition with 
the YF-22 design [“What’s New,” 
Aug.] for the eventual granting of an 
Air Force contract to build the ATF. 


Temperature changes 


The map of the continental United 
States shown on this page is an un- 
usual one. The colored lines are iso- 
therms, drawn through points that 
Shared equal changes in temperature 
over the last 70 years. Note that the 
numbers are small—one-degree in- 
crease, zero change, and one-degree 
decrease. In fact, says Dr. Sherwood 
B. Idso, a physicist who is study- 
ing environmental changes for the 
U.S. Department of Agriculture's Ag- 
ricultural Research Service, the av- 
erage change for the country as a 
whole was a modest minus '; degree F. 

Idso based his calculations on of- 
ficial weather-station records cover- 
ing 961 small towns over the last 70 
years. Some towns had populations 
as small as 300; their average pop- 
ulation in 1980 was less than 6,000. 
The greatest average annual temper- 
ature change, a drop of 3.78 degrees 
F, was recorded at Washington, Ga. 
The greatest annual average temper- 
ature increase was at Schenectady, 
N.Y.—3.23 degrees F. 

The physicist deliberately focused 
on small towns only so as to exclude 
the so-called “heat island" effect some 
Scientists believe skews the argu- 
ment over global warming. 

"Urban heat islands form when 
more people settle in an area," Idso 
says. "Not only do they bring their 
own body heat, they burn fires, drive 
cars, and pave over the land that 
used to reflect more heat and evap- 
orate more water. 

"Until all land-based data of the 
globe are examined and filtered to 
eliminate the effects of urban heat is- 
lands," he says, ^we cannot say we 
know if the Earth has warmed or 
cooled in the past century." 

The weather records used by Idso 
cover only the continental United 
States, representing a fraction of the 
globe's total surface area. As noted 
earlier in this month's column, an 
apparent majority of experts in this 
area believe that global warming has 
occurred, is continuing, and repre- 
sents a major environmental concern. 


Mutant ninja chipmunks? 


Yes, mutant ninja chipmunks. That’s 
what rambunctious Robert Bakker, 
the University of Colorado at Boulder 
paleontologist noted for his fossil dis- 


coveries, calls Zofiabaatar, one of the 
creatures pictured here. All were 
found by Bakker and his colleagues in 
a central Wyoming bone layer called 
the Breakfast Bench. 

Zofiabaatar was an eight-ounce 
mammal whose teeth indicate it was 
a voracious killer, one that “made an 
evolutionary right turn to become the 
terror of the underbrush,” says Bakker. 

Foxraptor was an even smaller, 
furry mammal that had a bulldog 
snout suitable for attacking large 
bugs and small vertebrates. Drinker 
nisti, the only common dinosaur 
found in the Breakfast Bench layer, 
was a mere two feet long and herbi- 
vorous. Uluops was a “high tech” tur- 
tle with a strong hook to its upper 
beak. 

The Breakfast Bench layer is 130 
million years old, a time of mass ex- 
tinctions, similar to the one that oc- 
curred 65 million years later and saw 


U.S. Agricultural Research Service map shows little U.S. temperature change for the past 70 years. 


the disappearance of the big dino- 
saurs. Bakker believes that the dis- 
covery of an environment dominated 
by these bizarre miniature creatures 
is additional evidence that “some- 
thing in the environment was repeat- 
edly whacking the dinosaurs... . These 
petrified bones fill in one of the 
most important gaps in dinosaurian 
history, documenting a time when 
strange events exterminated many 
dinosaur families.” He adds: “Almost 
every species dug up here is new to 
science, and is so different that new 
genera had to be created to describe 
them. 

“Scientists studying mass extinc- 
tion are like criminologists tracking 
a serial killer—the clues that finally 
catch the killer usually come from 
the repeated pattern in the way the 
crimes were committed.” 

Bakker noted that mammals and 
turtles living 130 million and 65 
million years ago enjoyed 


Wieso VUES cordis ‘on 
epoch of luxurious abundance and evolutionary advance.” 


“an epoch of luxurious 
abundance and evolution- 
ary advance,” while the big 
dinosaurs were becoming 
rare. 

Many scientists believe 
that a giant killer asteroid 
or comet was involved in 
the mass extinction at the 
end of the Cretaceous Per- 
iod, 65 million years ago. 
Plans are under way to seek 
the chemical evidence (an 
abundance of iridium) for 
such a catastrophe in the 
Breakfast Bench layer as 
well. us 
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Norseman Tredloc. 
Because Things Are Tough 
All Over. 


©1990 Pirelli Armstrong Tire Corporation. All rights reserved. Norseman’ and Tredloc" are registered trademarks of Pirelli Armstrong Tire Corporation. 


The great outdoors isn't so great 
when you're in it up to your wheel wells. 
But since you're not about to change 
where you go, think about changing 
how you go. With Armstrong Norseman 
Tredloc Radials. 

Instead of the usual criss-crossed lay- 
ers of steel belts, Norsemans are 
wrapped with two continuous woven 
belts of DuPont Kevlar? It's a process so 
unique, it’s patented. Kevlar's light- 
weight, but pound-for-pound, it's five 
times stronger than steel—so you begin 
to get a pretty good idea about where 
the “strong” in Armstrong comes from. 

Those Kevlar belts also let the tread 
flex more easily—so it contours itself to 
whatever off-road surface you subject it 
to. And, with low-inflation performance 
that's equally awesome, it's no mystery 
why Off-Road Magazine’ calls the 
Norseman Tredloc one of the best year- 
round, offroad tires on the market. 

Hard to believe a tire so good at rid- 
ing out tough times can feel so good on 
the road, but Norseman handling and 
steering response are nothing short of 

excellent. Its big- 
ger “footprint” 
comes from that 
woven belt con- 
struction to allow 
the entire tread 
to stay flat on the 
road. 
No matter 
| "HB what you're driv- 
ing, there’s an Armstrong Norseman 
tread pattern and size to fit most 4WD 
and 2WD light trucks, vans and RV's. 
So check it out now. Because when 
things are tough all over, your ride 
doesn't have to be. 


ZARMSTRO 
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Automotive Newsfront 


By DAN McCOSH Detroit Editor with Stuart F. Brown in Los Angeles, Brian Nadel in Boston, Dennis Normile in Tokyo, 


and Judith Anne Yeaple 


The 8-Series arrives 


Standing alongside BMW’s new 850i 
ultra-sports coupe at a roadside stop 
in Bavaria, West Germany, I was 
alarmed when the car gave a slight 
shake, something like a horse twitch- 
ing off a fly. At first I thought I may 
have imagined it, but a BMW aerody- 
i nearby explained 
tiny “carquake” was real. 

It seems that the car's flush-mounted, 
frameless door glass had a tendency 
to flutter at high speeds, so the engi- 
neers designed a roofline window gas- 
ket that gripped the window so se- 
curely that you could no longer open 
the door. The solution: a sensor on the 
door handle is set so that the window 
pops down М inch or so when you are 
about to enter or leave the car. A short 
time after you close the door, it rolls 
the window back up, resulting in the 
surprising whirr and twitch. 

Complex details like these abound 
in this rolling showcase of technology. 
The heart of the car is the five-liter 
296-horsepower V12 from the BMW 
750i luxury liner; a six-speed manual 
gearbox will be available. The 850i 
also stretches the bounds of vehicle dy- 
namics, going beyond anti-lock brakes 


The roof and hood of Kyocera's SCV-0 hatchback 
| are covered with photovoltaic cells to operate 
| its electric power train for a 100-mile range. 
L 


nering inputs. With both systems 


tuated, it should be difficult to spin or 
lock up the wheels—although my ex- 
perience behind the wheel on a wet- 
down skid pad showed the limitations 
of these systems: I plowed off the road 
i ppery turn. Ultimately, 
the tire grip sets the limit of handling, 


Пасат 


Twelve-cylinder power, rear-wheel drive, and а 
new multi-link axle (see photo below) are com- 
bined to provide smooth cruising and taut han- 
dling in the BMW 850i flagship coupe. 


and no amount of electronic controls 
will make a car totally foolproof. 
BMW's new rear axle (see photo) 
works with uncanny accuracy, elimi- 
nating quirky handling at the limit. 
Its total of five axle-positioning links 
at each wheel add a bit of toe-in when 
the rear wheels are loaded to give some 
passive four-wheel steering. The car is 
extremely stable and smooth, whether 
at its 155-mph top speed or on wind- 
ing roads. Of course that much would 
be expected at the $73,600 price. The 
most-heard criticism: “It’s almost too 
smooth. It doesn't feel like a sports car." 


The typi: utomobile spends far more 
of its life inching along in bumper-to- 
bumper traffic than cruising down the 
highway. That may provide an open- 
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ing for the Solar Commuter Vehicle 
—SCV-0—being developed by Japan's 
Kyocera Corp. The prototype shown in 
Japan is basically an electric car cov- 
ered with solar cells that extend the 
car’s range by recharging its batter- 
ies. Kyocera says it plans to have a com- 
mercial version of the SCV-0 on the 
market in as little as five years. 

Designers and engineers say it 
will be a no-frills car for commut- 
ing, shopping, and running er- 
rands. The diminutive two-seat 
hatchback is only 130 inches long, 
55 inches wide, and weighs just 
1,200 pounds. More than 23 square 
feet of solar cells will charge a bank 
of sealed nickel-zinc batteries. A 
direct-current motor drives the rear 
wheels. Fully charged, Kyocera says, 
the SCV-0 has a top speed of 40 mph 
and a range of 70 miles. On a sunny 
day, extra current from the photovol- 
taic solar cells will recharge the bat- 
teries while on the go, stretching the 
range to about 100 miles. For driving 
at night or on overcast days, the SCV-0 
can be charged by a household elec- 
tric current. 

Kyocera engineers admit they face 
challenges in transforming the $70,000 
prototype into a $14,000 commercially 
viable car. The chances for SCV-0's 
success will depend on Kyocera's abil- 
ity to optimize efficiency by shaving 
weight with the use of advanced body 


(i 


MARGO TAUSSIG PINKERTON 


The sleek two-seat Solectria Lightspeed solar-powered race car leaves slow prototypes of the past 
in the dust with a 0-to-60-mph acceleration time of 8.5 seconds. 


materials and lightweight batteries. 

I watched as a Kyocera engineer put 
the SCV-0 through its paces in the 
cramped parking lot of the company’s 
Tokyo office. The SCV-0 started, 
stopped, and drove like a conventional 
car, although without the noise and ex- 
haust encountered in gasoline-powered 
vehicles. While it lacks high perform- 
ance, it is no golf cart. If this solar 
vehicle never gets out of Kyocera’s 
parking lot, it won't be for lack of tal- 
ent or effort. 


Wheels shrouded in drumlike pods are but 
the most eye-catching feature of the Venus, 
an outrageous supercar with the look of a 
formula racer. It is intended to promote the 
creative skills of International Automotive 
Design, the British engineering company al- 
ready credited with having a hand in the de- 
velopment of the Lincoln Town Car, Mazda 
Miata, and Volvo 440. The doors of the Venus 
are perhaps the most intriguing aspect of its 
design: Front-pivoting, scissor-action doors 
swing up under electronic control to provide 
access to the car's cockpit. To adjust driving 
position, the seats stay put while the steering 
wheel, column controls, and pedals all move 
independently to customize the interior for 
each driver. 

Night-time driving is en- 
hanced by a for- 
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FROM TRACK TO STREET 


ward-facing infrared camera with a monitor 
screen that pops up just below the wind- 
shield. Rear vision, difficult even under the 
best of circumstances with a low-slung mid- 
engine car, is provided by a color television 
camera mounted in the tail and a liquid- 
crystal-display screen in the cabin. 

An actual road runner, the Venus is pow- 
ered by a 2.2-liter 16-valve Lotus-designed 
engine teamed with a five-speed transmis- 
sion and an electronic 
Clutch system. Flicking 
the large rocker switch 
on the steering column 
produces motorcycle- 
like gearshifts up and 
down through the gear- 
box.— David Scott 


All-weather racers 


The Montpelier, Vt., start of the 234- 
mile American Tour de Sol was over- 
cast and rainy, hardly ideal weather 
for the first leg of a solar car race. In 
fact, it was a grim beginning for an | 
event that organizers hope will dem- 
onstrate that solar car technology is 
ready for commercialization. On the 
other hand, the finish line in Medford, 
Mass., five days later was blessed with 
a perfect, cloudless spring day. And, 
based on the enthusiastic crowd pres- 
ent, the public appears ready to em- 
brace this nonpolluting alternative to 
the internal combustion engine. 

The winner of the Tour de Sol was 
Lightspeed, a softly rounded gull-wing 
two-seater made of composite materi- 
als by Solectria Corp., of Arlington, 
Mass, The brilliant-red car’s entire roof 
is covered with a photovoltaic solar ar- 
ray, which generates a maximum of 
200 watts. Current is fed into the car’s 
two 30-hp electric motors, which allow 
the 850-pound car to accelerate to 
60 mph in 8.5 seconds, according to 
Solectria. This puts Lightspeed solidly 
in the range of many of today’s main- 
stream gasoline-powered cars and on 
par with General Motors’ proposed Im- 
pact electric vehicle. 

Unlike Impact, which relies on lead- 
acid batteries and doesn't use solar 
cells, Lightspeed contains a bank of 
lightweight nickel-cadmium batteries 
that store electricity for a 150-mile 
range on a sunny day. Top speed is said 
to be 85 mph, but during the race, 
driver Anita Rajan said she never went 
above 65 mph to conserve battery power 
for a sprint to the finish line. As it 
turned out, the Lightspeed prototype 
needed that extra push to beat Solec- 


Joey's big sister went to school 
on the GI Bill. 
Now Joey’s signed up, too. 


The Montgomery GI recisely for outstanding young people, 
like Joey and his sister, to help cost of continuing their education. 

If they invest a few years servingin any of the Military Services, or part-time 
in the National Guard or Selected Reserves, they'll get the chance to travel, to learn 
useful skills, to discover their true potential. And thanks to the Montgomery GI Bill, 
we'll invest in their futurexwith.thousandsofidollars in tuition assistance for courses 


at approved colleges, vocationalor nity Is Waiting For You 
technical schools 


For full details, contact a local ВМЕВ FORCES 
military recruiter today; 
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Buckle up-together we can save lives 


and built in 


E: 
@ 
E 


Dther Trucks 


It’s hard not to notice. 

Because other trucks spend lots of 
time and money comparing themselves 
to Ford. America’s truck leader.* 

But if you're going to be the leader 


tomorrow, you can't afford to rest 


today. That's why we're going to keep 


making the kinds of technical advances 
we've made on our full-size Ford pickup. 
So even though we're proud of its 
advanced electronic automatic trans- 
mission and its rear anti-lock brakes, 
we're just going to keep working to 
make our big pickup better and better. 
The same way we're going to keep 
working to make the best-built Ameri- 
can trucks even better** And continue 
to prove to you that there' really no com- 


parison between our trucks. And theirs. 


«225 D 


THE BEST-BUILT, BEST-SELLING AMERICAN TRUCKS 
ARE BUILT FORD TOUGH. 


Automotive Newsfront 


STERLING’S FUTURE COUPE 


RUSSELL VON SAUERS 
Designed exclusively for the American market, the Sterling coupe is seen as “а taste of the 
future large саг,” according to Graham Morris, the company's president. The as yet un- 
named car—which | recently viewed as a static fiberglass model—is based оп the Sterling 


827 and could be available in 1992, according to Sterling.—Dave Houser 


tria's other entry, the Sunrise, barely. 


Technology student who works part 
time for Solectria, says, "The Light- 


Rajan, a Massachusetts Institute of 


speed proves the concept that an elec- 
tric car doesn't have to be slow and 
boring. It's a lot peppier than my gas- 
powered station wagon." Solectria, a 


isuzu 
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The compact sport utility category's latest 
entry is Isuzu’s Rodeo, available in both 
two-wheel- and four-wheel-drive models. 
Based on Isuzu’s pickup truck, which 
comes down the same assembly line in 
Lafayette, Ind., the Rodeo has a long 108.7- 
inch wheelbase, which | 
found effectively con- 
trolled the choppy ride 
prevalent in many sport 
utility vehicles. Rodeo's suspension—torsion 
bars and double wishbones in front with a 
stabilizer bar and semi-elliptical leaf springs 
in the rear— delivers an acceptably comfort- 
able ride both on and off-road 

The base engine is Isuzu's single-over- 
head-cam 2.6-liter four that delivers 120 
horsepower at 5,000 rpm and 146 pound- 
feet of torque at 2,600 rpm. Mated to the 
standard five-speed manual transmission, 


PREVIEW DRIVE 


RODEO: FOUR-DOOR 4x 4 


this proved to be barely adequate when hill 
climbing at higher elevations. The General 
Motors-made 3. 1-liter V6 is optional; it de- 
velops 120 hp at 4,400 rpm and 165 lb.-ft. 
of torque at 2,800 rpm. 

Opening Rodeo's rear tailgate/window com- 
bination is a two-step op- 
eration: The upper glass 
lifts up, and the tailgate 
drops down. The latter in- 
cludes a handlelike protrusion that is curi- 
ously labeled “not a handle." Nevertheless, 
it's what you reach for to raise the gate. Rear 
anti-lock brakes are standard equipment on 
the Rodeo, as is a 21.9-gallon gas tank. (The 
four-cylinder engine is EPA-rated at 18/22 
mpg city/highway; the V6 model, 15/19.) 
Two-wheel-drive Rodeos will start at about 
$12,600; base 4x4s will be priced in the 
$15,000 range.— Richard L. Stepler 


small engineering company composed 
mostly of former and present MIT stu- 
dents, plans to begin production of the 
solar sports car within two years. But 
along the way many serious hurdles 
remain, not the least of which are en- 
casing the fragile solar cells in Lexan 
polycarbonate plastic and perfecting 
the car's regenerative braking system 
that recharges the battery pack when 
the car slows. But the most daunting 
challenge is meeting government 
crash-protection standards with such 
a lightweight vehicle. If all goes well, 
Rajan says a $15,000 solar-powered 
sports car could soon be found on 
the streets. 


Isuzv's new "battery" 


Isuzu Motors and Fuji Electrochemi- 
cal Co. jolted the automotive world 
recently with the announcement of a 
revolutionary new type of battery. 
Touted as not only smaller and more 
powerful than existing batteries, it was 
claimed to be rechargeable in just 30 
seconds. The device could be formed 
into just about any shape, making it 
suitable for a variety of uses, from 
flashlight batteries to the battery bank 
for an electric car. It is also said to be 
cheaper than battery products made 
by existing technology. 

Isuzu's stock soared on the Tokyo 
Stock Exchange. Rumors flew that this 
was the secret to making General Mo- 
tors' Impact electric vehicle a reality. 
(Isuzu is 38.2 percent owned by GM). 
Isuzu was swamped by requests for in- 
formation about this seemingly amaz- 
ing breakthrough. But as the details 
were revealed, the edge quickly came 
off the excitement. Although all the 
claims eventually may be proven true, 
there are a host of technical problems 
to overcome. 

The main drawback is that the bat- 
tery discharges as quickly as it 
charges—about 40 times faster than 
aconventional lead-acid battery. Isuzu 
and Fuji Electrochemical prefer to call 
itan electric power storage device. Un- 
like conventional batteries, which pro- 
duce electricity chemically, the new de- 
vice physically stores the electric 
charge much like a condenser. This, an 
Isuzu spokesman says, is what allows 
the device to recharge so quickly. Un- 
fortunately, engineers have not yet 
found a way to deliver the stored power 
slowly over an extended period of time. 
Therefore, for the immediate future, 
the Isuzu electric storage device will 
be limited to applications where a rel- 
atively short discharge is followed by 
a recharging cycle—as in automotive 
batteries. 
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NOW... Low Cost, Home Property 


“Clean-up Machine” 


The New Junior TOMAHAWK“ 
Chipper/Shredder rids your 
property of unsightly 
yard debris... and turns 
it into FREE mulch 
and compost material! 


FROM THE МАК К 
FROM THE F 


The Junior is unlike anything 
previously available to suburban 
and small property owners. 

It’s as easy to use as a kitchen 
garbage disposal...costs less than a 
good quality mower...and takes 
up less space in your garage than 
a trash barrel. 

Yet this compact dynamo 
solves one of the thorniest prob- 
lems homeowners face in trying 
to keep their places looking nice 
„what to do with all the leaves, 
brush, branches, prunings and 
other yard debris that accumu- 
lates so quickly. 
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At last 


The Junior TOMAHAWK 
beautifies your property 
this easily: 

* Eliminates ugly brush piles- 


cleans up fallen branches, winter 
damage and yard debris after storms. 


* Puts Fall leaves to good use- 
shreds Fall leaves into a fine, 
compost-like plant food for feeding 
your prize roses, your garden and 
your lawn! 


* Makes landscape chips- 


turns branches up to 2" thick into 


Big, oversized hopper takes leaves, twigs and 
other loose materials by the armload! 


No more bagging, dumping attractive wood chips for smothering 
or accumulating yard weeds around trees and shrubs. 
debris! 


With half the nation's landfills scheduled 
to close within five years, tossing out our 
yard debris with the trash could soon 
become a thing of the past. 

But now, with the Junior TOMAHAWK* 
Chipper/Shredder, you can easily reduce 
these yard wastes in bulk and put them 

to productive use. 


The Junior TOMAHAWK 's direct drive and 
weighted flywheel enable it to chip 2” thick 
branches with ease. 


©1990 Garden Way, Inc. — Also available in Canada 


.there's a FAST, EASY way to clean unsightly brush 
piles and other yard debris from around your property! 


Ideal for small or 
suburban properties! 


The Junior is lightweight and 
completely portable...compact for 
easy storage...much quieter than 
larger machines...so trouble free it 
carries a Full No Time Limit 
Warranty...and best of all, so 
affordable that now suburban 
and small property homeowners 
can easily justify the convenience 
of owning a full performance 
shredder. 


Recycles ALL your 
yard wastes! 

Unsightly and hard to manage 
prunings, branches, weeds, 
suckers and garden leftovers can 
now be cleaned up on the spot 
and put to good use! 

For complete information on 
this remarkable new small prop- 
erty “Clean-up Machine,” please 
mail the coupon TODAY. 


Makes attractive wood chips for landscaping 
and keeping down the weeds! 
Send for your FREE CATALOG with 
this coupon, or call 
1-800-366-3434 
Dept. 2224 TODAY! 


1 Troy-Bilt Mfg. Co. 
1 102nd St. and 9th Ave. 
1 Troy, NY 12180 Dept. A2224 
| О YES! Please send me your FREE 
|| Catalog on how the 3 HP Junior TOMA- 
HAWK® Chipper/Shredder can help me 
I 
clean up and beautify my property...plus 
| details on factory direct prices, larger models 
1 available and your 30 Day Home Trial Offer. 


| Name 

1 Address 
I city 
15126 Zip 


—————— ———— — — —— 
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But even here there are some poten- 
tial snags. The storage unit would be 
fine for starting the car, but if you shut 
off the engine and listen to the stereo 
or put on the emergency flashers, it 
will run down quickly. One possibility 
the company is considering is combin- 
ing a conventional battery with the 
electric storage device to give the best 
of both worlds. 

Isuzu is a bit cagey about divulging 
details of what makes it work, but 
disclosed that the device uses solid elec- 


trodes of highly concentrated activated 
carbon immersed in an electrolyte. The 
next hurdle is developing the produc- 
tion technology required to manufac- 
ture this innovative device. The first 
products are likely to be batteries for 
motorcycles and cars, which Isuzu and 
Fuji Electrochemical hope to have on 
the market within two years. As for 
use in an electric car: “This is some- 
thing to discuss for the twenty-first cen- 
tury,” the Isuzu spokesman says. Say 
it isn't so, Joe. 


reliable 


See the complete 
assortment of ARROW 
fastening tools, staples, 
fasteners, glue stix and 
rivets, available at all 
leading Hardware, Home 
Center, and Discount 
Department Stores. 


In U.S.A.: Arrow Fastener Company, Inc., 271 Mayhill Street, Saddle Brook, N.J.07662 
In Canada: Jardel Distributors, Inc., 6505 Metropolitan Blvd. East, Montreal H1P 1X9 Quebec 
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One Scoupe or two? 


For the commuter on a budget who 
hankers after something more dash- 
ing than an econobox, Hyundai's 
Scoupe is a tasty alternative. It's an 
Ital Design-sculpted coupe based on the 
Korean maker's second-generation Ex- 
cel subcompact, which debuted in 1989. 

Hyundai's strategy with the $8,500 
Scoupe is the same one it has followed 
with its two other models: Offer lots of 
features for the money. Although the 
car can't touch the refinement and con- 
trol feel of, say, a Honda CRX, it comes 
competitively equipped for a few 
thousand dollars less. This point is not. 
likely to be lost on shoppers looking 
for basic transport with a bit of flair. 

The handsomely proportioned 
Scoupe shares the Excel’s Mitsubishi- 
designed 1.5-liter engine, which devel- 
ops 81 hp with the aid of a multipoint 
fuel-injection system. Unfortunately, 
this buzzy power plant’s lack of refine- 
ment is matched by its lack of power. 
The car seemed somewhat listless on 
a recent mountain drive in Southern 
California. A strong sprinter the 
Scoupe is not, but the two-door 2+2 
coupe is adept around corners. Thanks 
to a suspension tuned with assistance 


turning, accelerating, and braking forces 
at speeds of up to 155 mph, Minneapolis- 
based MTS Systems Corp. claims. In the 
photo shown above, the computer-con- 
trolled machine is simulating the forces. 
placed on a tire when a vehicle loses 
control.— Marcelle M. Soviero 


from Lotus Engineering, the car is free 
of excessive body roll and turns into 
corners nicely. Front and rear stabi- 
lizer bars add to a feeling of control 
and responsiveness not found in the 
pitch-and-roll-prone Excel. 

Both an electronically controlled 
four-speed automatic with dual shift- 
mode selector and a somewhat vague- 
shifting five-speed manual gearbox are 
offered. An LS variant priced at about 
$10,000 adds power steering and win- 
dows, bigger wheels with performance 
tires, a stereo sound system, and vari- 
ous interior and exterior embellish- 
ments. EPA fuel economy ratings are 
26 mpg city/34 highway with the man- 
ual transmission; the automatic is 
listed at 25 and 32 mpg. 


Flying wedge 

Inside the bulging wedge that defines 
the shape of the Bertone Nivola lurks 
amid-mounted 5.7-liter V8 lifted from 
the Chevrolet Corvette ZR-1. The en- 
gine produces 375 hp, which is fed 
through a new ZF five-speed gearbox 
to the rear wheels that carry 60 per- 
cent of the car’s weight for optimized 
traction and handling. Representatives 
of the Turin, Italy-based Bertone de- 
sign company say the Nivola’s accel- 
eration hasn't been tested, but it should 
take about 4.3 seconds to reach 100 kil- 
ometers per hour (62 mph). 

Bertone chose to call the car Nivola, 
after the nickname of Tazio Nuvolari, 
the celebrated Italian race driver of the 
1930s and '40s. The two-seat high- 
performance sports car is oddly propor- 
tioned, with a 165.6-inch length, 77.9- 
inch width, and a 43.3-inch height. 
Overall, it presents the shape of a 
flying wedge on wheels. 


Crush-resistant steel 


Your next car may protect you better 
with less steel, thanks to advances in 
frame-reinforcement technology. Re- 
searchers at St. Paul, Minn.-based 3M 
Co. are investigating the benefits of 
filling hollow parts of a car’s frame 
with tiny spheres (see illustration) 
made of a ceramic called Macrolite. Al- 
though lightweight, engineers say the 
tiny balls have a high compressive 
strength, allowing them to bear the 
brunt of a collision’s force. 

The spheres start as small beads that 
are heat treated until they expand, cre- 
ating shock-absorbing air pockets with- 
in while maintaining a tough, solid 
outer wall. Called Macrospheres, the 
expanded balls range from 0.3 to 13 
millimeters in diameter. 

What makes Macrospheres a better 


Shown at the Geneva Motor Show, the wedge-shaped Bertone Nivola uses the Corvette ZR-1 
32-valve V8 mounted amidship to drive the rear wheels. 


Ui now, high performance radar detection 
required a messy power cord. Plugged into your 
саг lighter. Dangling across your dashboard. 
And tangling in your pocket. 

Finally, there is a better way. 

No power cord. 

Solo is a totally new concept in long-range 
radar detection. All vou do is clip Solo to your visor 
or windshield, and switch it on. 


You'll never need a power cord with Solo. And 
it's only & x 24” x 4%” — just 5% ounces. 
How it works 


After years of research, our engineers developed 
circuitry fifty times more efficient than con- 
ventional detectors. This design lets Solo provide 
200 hours of radar protection on a single 
9 volt battery 

If you drive one 
hour a day, you won't 
need to re 50105 
battery for over six 
months. 

The experts agree 
AutoWeek called 
Solo "the most user- 
friendly radar detector 
yet...we fell in love 

at first beep” 


с sau 


NEW! From the maker of Passport and Escort 


Introducing self-powered SOLO 


“No other radar detector manufacturer has anything even close?" 


Call toll-free 1-800-543-1608 


$345 ohio add S1898 tax Higher in Canada. 


Cincinnati Microwave 
P Department 301690 
One Microwave Plaza 
Cincinnati, Ohio 45249. 


BMW Roundel 


With Solo, you get long-range radar warning 
with no hassles, And Solo maintains all of its 
performance over its entire battery life. 

When it's finally time to replace the battery, 
Solo will tell you five hours in advance. Then 
just drop in another battery for 200 more hours. 
Solo costs less than three cents per hour of use. 

Experience the freedom 

You'll slip Solo into its leather case and 
carry it in your pocket. In your car, just clip 
Solo to your visor and switch it on. It's 50 
you'll never go without radar protection again. 

We GUARANTEE your satisfaction 

Solo comes complete with our Digital Key 
anti-theft system, all accessories, two batteries, 
and a one year limited warranty 

Here's our offer. Try 
Solo. If for any reason 
you're not completely 
satisfied, just return Solo 
within 30 days. We'll 
refund your money 
and even pay your 
return shipping cost. 
You can't lose. 

Once you try Solo, 
nothing else will do. 
Order today 
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reinforcement than steel? Unlike con- 
ventional steel, which can buckle un- 
der the force of impact, Macrolite- 
reinforced steel maintains its strength 
even as it is crushed under increasing 
loads. “We work with spheres with 
300- to 3,000-pounds-per-square-inch 
compressive strength—it depends on 
the way we alter the mix of spheres 
and resins,” explains Robert Waid, a 
product development specialist for 3M. 
Resin is used to bind the spheres to- 
gether, permitting the researchers to 
mold them into specific shapes that 
mirror the voids inside frame members; 
Macrospheres potentially could be used 
to reinforce both unibody and full 
frame cars. 

Though it has never been tried com- 
mercially, the integration of Macro- 
spheres into the mass production of 
cars appears straightforward, accord- 
ing to Waid: “These molded parts could 
be dropped into a frame on an assem- 
bly line.” Going а step further, liquid 
or foam mixtures of resin and Macro- 
spheres are another option. “We could 
pump or blow the composite into the 
frame and cure it during the paint bake 
cycle,” he adds. 

“Right now, we're focusing on prob- 


reinforcing metal parts. Filling open spaces in 


buckle during a collision. 


Tiny ceramic spheres strengthen a car's frame by 


the frame (see inset) with the shock-absorbing 
spheres reduces the chances that the frame will 


lem areas like stress points,” Waid con- 
tinues. “But potentially, Macrospheres 
could be used throughout the frame. 
We might, for example, reduce the 
thickness of the metal, if we can get 
the equivalent stiffness and collision 
resistance.” 
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BOB LANGE 


The talking highway 


The most comprehensive intelligent 
highway system yet will be installed 
in Orlando, Fla., in 1992. Dubbed Trav- 
Tek by its sponsors—General Motors 
and the American Automobile Associa- 
tion—the $8 million program will pro- 
vide navigation assistance, real-time 
traffic information, route selection, and 
other road-related information to trav- 
elers in the Orlando area. 

The emphasis is on information, 
rather than traffic control, which dis- 
tinguishes the TravTek program from 
theearlier Pathfinder intelligent high- 
way demonstration project now under 
construction in Los Angeles. Hardware 
for the system will be similar to the 
office-in-a-car unveiled last year by 
Cadillac. An interactive information 
center locates restaurants and hotels, 
and makes reservations, while a navi- 
gation system and map reader locates 
both the driver and his destination. GM 
will be supplying the cars, while the 
AAA is working on a digitized map- 
ping and information system. The com- 
mercial aspects of the program may ul- 
timately provide a source of revenue 
—the key to getting intelligent high- 
way systems off the ground. 


Jekyll and Hyde engines 


By using electronic circuits to control 
a newly designed two-piece hydraulic 
camshaft tappet, engineers at Siemens 
Automotive have added a straightfor- 
ward, yet rather flexible, alternative 
in variable valve timing systems. Both 
the total lift of the valve from its seat. 
and the duration of the valve opening 
period can be altered through the rpm 


range, allowing the engine to be simul- 
taneously more powerful, more eco- 
nomical, and cleaner-running [“Vari- 
able Valve Timing,” Jan.]. 

The new mechanism for controlling 
valve timing actually adjusts how high 
a valve is lifted, which distinguishes 
it from Mercedes-Benz and Nissan sys- 
tems that concentrate on adjusting 
when the valves open and close dur- 
ing the camshaft rotation. Acura’s 
NSX uses a mechanical arrangement 
that varies both when the valve opens 
and in the amount of lift. 

The system developed by Siemens 
Automotive uses a solenoid to control 
the flow of engine oil into a piston in 
each lifter (see illustration) that ef- 
fectively determines the tappet’s 
height. At low engine speeds, it can 
bleed off oil pressure inside the tappet 
(or cam follower) to prevent all of the 
cam lobe’s action from being trans- 
ferred to the valve. When the engine 
computer says that more power is 
called for, all of the lobe motion is 
passed along, and the high-lift, long- 
duration cam action boosts output. 
This allows the engine’s operation to 
be optimized at different speeds, cre- 
ating a dual-personality power plant. 
Power and torque are boosted, with- 
out, however, compromising fuel econ- 
omy and emissions, claims Siemens. 

The hydraulic portion of the system 
is controlled by a computer using input 
from the engine management sensors. 
So far, Siemens engineers say they have 
been able to wring an additional five 
to seven percent horsepower and 20 
percent greater torque from a test en- 
gine with the system, while reducing 
emissions of unburned fuel, carbon 
monoxide, and nitrogen oxides. 3] 
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A variable valve lift system from Siemens Auto- 
motive attempts to update the design of pushrod 
engines by using an oil-controlled piston that 


adjusts both lift and оре lime duration of 
the intake valve based on engine speed. 
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Electronics Newsfront- 


By WILLIAM J. HAWKINS with Dennis Normile in Tokyo and Dawn Stover 


| Sony plans to introduce the Data 
Discman in the United States in about 
a year. But Ukita says Sony has not 
started discussions yet with publish- 
ers on what sort of data discs will be 


Electronic “book” 


It's the size of a paperback book. But 
what a book. Open its cover, which con- 
tains an LCD screen, slide in a three- 


inch mini compact disc, tap the key- | available. 
board, and you can instantly retrieve 
any one of 100,000 pages of informa- 64-megabit memory chip 


tion. “Basically, it’s a CD-ROM sys- 
tem,” says Yoshitaka Ukita, manager | 
of Sony’s Electronic Book Project. But 
it’s all in a package small enough to 
tote around. 

The 44-by-64-inch Data Discman 
is just 1% inches thick, and weighs 
about 19 ounces. But it’s a complete 
CD-ROM computer containing a 200- 
by-256-pixel monochrome display, key- 
board, and CD drive. Like a larger CD- 
ROM computer [“CD Libraries: New 
Power For Home PCs,” May], the Data 
Discman lets you search through spe- 
cial CDs—that could contain every- 
thing from complete dictionaries to 
catalogs—and display the information 
you need on its screen. It’s a pocket 
reference library. 

For example, searching for hotels in 
a travel guide CD that Ukita demon- 
strated, you see a succession of menus 
offering general areas, then specific lo- 
cations, types of facilities, price ranges, 
a list of accommodations, and finally 
detailed information about one specific 
hotel. Each selection is made by mov- 
ing the cursor and pushing the “yes” 
button on the tiny one-finger keyboard. 

A drawback to the system is that the 
200-megabyte three-inch CDs are in- 
compatible with conventional 600-meg- 
abyte five-inch types, eliminating the 
possibility of using one set of discs on 
both a personal computer and the Data 
Discman. “Our basic concept was that 
this is a book, not a computer,” Ukita 
says, “and the idea was to make it 
small,” 

Despite the portability, no one seems 
to think that the Data Diseman will 
replace paperback novels at the beach. 
The 18 titles announced so far are 
mostly catalogs, dictionaries, travel 
guides, and other reference books that 
can benefit from the speed of electron- 
ic searching. But, there is one game 
—"shogi," or Japanese chess—and 
when you get tired of reading, the 
Data Discman can also play audio CD 
singles. In Japan, the Data Discman 
comes with one disc that holds a set of 
dictionaries and will sell for about 
$390. 


Hitachi Ltd. has shown a prototype 
random-access memory chip in Japan 
that's capable of holding an incredible 
64 million bits of data. The chip, which 
contains some 140 million devices for 
its operation and control, easily fits on 
your fingertip—and, says industry an- 
alysts, is about five years ahead of its 
time. Currently, 16-megabit chips are 
in the labs, with one- and four-megabit 


A library in your hand: Sony's Data Discman is a portable CD-ROM system. 


memories in production. The Hitachi 
chip runs on a mere 1.5 volts at 29 mil- 
liamperes, making its future applica- 
tions as varied as battery-operated 
supercomputers to storage devices for 
everything from voices to high-resolu- 
tion pictures and graphics. But don't 
throw out your portable computer yet. 
Because of the critically small circuit 
spacing—about 0.3 micron—it will be 
some time before the experimental chip 
can be mass-produced. 

What could control all that memory? 
Perhaps Intel Corps Micro 2000 proj- 
ect will be the answer. By the year 
2000, the company believes it will have 
a single microprocessor chip that will 
be 100 times more powerful than to- 
day's designs. “It will have 100 million 
transistors in it,” says company spokes- 
woman Deborah Conrad. By compari- 
son, the company’s newest 80486 mi- 
croprocessor has 1.25 million. 


Ups and downs 


DAT machines, which seemed to 
be getting the green light passing 
through government legislation 
for approval of sales in the United 
States, have been snagged once 
again by a new round of royalty 
discussions. But Japan’s Minis- 
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try of International Trade and Indus- 
try (MITI) seems to have had enough 
debate, and gave Japanese DAT man- 
ufacturers the OK to begin selling the 
machines. Models from Denon, JVC, 
Sony, and Technics, among others, 
should be in the stores as you read this 
and will cost about $1,000. Why did 
MITI suddenly lose patience after all 
this waiting? One possibility: fear of 
competition. The Dutch N.V. Philips 
company has shown a digital recorder 
that uses conventional audio cassettes. 
While Philips will only say that the 
machine will be available sometime 
next year, insiders who have heard it 
say that the audio quality falls some- 
where between that of a CD and stand- 
ard cassette recording. 

Meanwhile, funds for HDTV seem to 
be vanishing as the high-technology 
idea receives a low priority with mon- 
ey-conscious government officials. But 
other players are coming: General In- 
strument Corp. has applied to the FCC 
for testing its new digital compression 
and transmission system for HDTV. 
The DigiCipher system uses one chan- 
nel to carry the standard NTSC TV 
signal—via cable, satellite, or ter- 
restrial broadcasting—and a second 
channel for the HDTV information to 
be received on HDTV sets. If it is ac- 
cepted for testing, the system will be 
the only all-digital technology being 
considered. 


PCs new look? 


Microsoft has introduced its $149 Win- 
dows Version 3.0 program. It uses a 
PC’s DOS (disk operating system), but 
takes over to create a graphics-based 
operating system. 

Instead of the usual “A>” prompt to 
signal the start of your memorized 
commands, you see: 3-D scroll bars, 
proportionally spaced fonts, command 
buttons, and colorful icons —pictures 
—of things for you to do by merely 
moving the mouse-driven cursor (pho- 
to). For instance, you can start pro- 
grams (traditional DOS programs can 
be used as well as software written for 
earlier versions of Windows), ask for 
help, or change the system by adding 
a new printer or setting the clock. Store 
information in an included CardFile 
program. Use another program called 
Recorder to save keystrokes and mouse 
movements for automatic operations 
later. And when you get bored, touch 
the cursor to the electronic version of 
solitaire. 

While the display is new, the idea of 
Windows is not—Microsoft first intro- 
duced it seven years ago. Early ver- 
sions, however, were limited to opera- 
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tions within 640 kilobytes of memory, 
which made using large programs, 
multiple programs, and networking 
difficult, sometimes impossible. That 
memory limit no longer exists. 

Windows 3.0 is written for comput- 
ers that use a 286 or 386 (SX or DX) 
microprocessor. The program checks to 
see what processor is in your machine 
and automatically enters the files it 
needs. On a 286-based computer, Win- 
dows 3.0 can control up to 16 megabytes 
of memory, and up to 48 megabytes on 
a 386 machine. 

While Windows 3.0 will still oper- 
ate in 640 kilobytes of memory (with 
the same limitations as its earlier ver- 
sions), for practical uses Microsoft sug- 
gests a minimum of one megabyte. But 
as the memory increases, larger and 
many more programs can be run at the 
same time—each in its own “window” 
on the screen. And the computer can 
more easily use newer local area net- 
works—LANS—which traditionally 
require enormous amounts of memory 
at the computer for operation. 

It has been Microsoft's intention to 
make PC-compatible computers as easy 
to learn and use (and as much fun) as 
an Apple Mac. While early attempts 
seem to have failed, Windows 3.0 might 
have a chance of becoming the new face 
of PCs. 

A variety of major software devel- 
opers, such as Ashton-Tate and Lotus, 
intend to make 3.0 versions of their 
programs available, and more than 30 
PC makers—from Acer to Zenith 
—announced they will supply Win- 
dows 3.0 with their computers. One 


Recorder 


major holdout: IBM, which is pressing 
for the OS/2 operating system instead 
of DOS on its bigger personals. That 
might not last long, however, because 
OS/2 is co-written by Microsoft, and a 
new version supposedly will work with 
Windows 3.0. 


Bird's-eye view 

In 1979, Chuck de Caro, a reporter 
from a Florida television station, flew 
into the eye of Hurricane David aboard 
a military airplane, and surprised his 
news director by calling collect to de- 
liver a live report. Inspired by that ex- 
perience, and bolstered by his years as 
a special-assignment correspondent for 
the Cable News Network, de Caro now 
hopes to do all his reporting from his 
own plane. 

De Caro, president of Aerobureau 
Corp. in Herndon, Va., has invested his 
life's savings in outfitting a Lockheed 
188C Electra airplane as a flying news- 
room. The Amazin' Lady, a four-engine 
turboprop transport leased from a Ca- 
nadian airline, boasts side-looking air- 
borne radar, night-vision camera equip- 
ment, and satellite antennas. "Inside 
the aircraft, we've got three complete 
Panasonic A/B roll edit suites," says 
de Caro. Panasonic Communications 
& Systems Co. supplied color cameras, 
Super-VHS VCRs, editing controllers, 
switchers, and video signal transcoders 
for The Amazin' Lady. 

The plane, which is based in Tucson, 
Ariz., has a crew on call, and can be 
on its way in as little as five minutes, 
says de Caro. Landing on remote air- 
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strips or flying over a news scene, it 
could report worldwide incidents such 
as the Exxon Valdez accident, the 
hijacking of the Achille Lauro, the 
Mexico City earthquake, or the Mount 
St. Helens eruption. “We would be 
there hours or even days ahead of ev- 
erybody, and we'd have all the equip- 
ment we would need," says de Caro, 
who is an experienced pilot as well as 
a reporter. 

He explains how a 10-man crew 
might operate in one mode (drawing): 
“You'd land and deploy your teams—by 
motorcycle or all-terrain vehicle.” With 
the addition of a special cargo door, a 
Schweizer 330 turbine helicopter might. 
also be stowed aboard The Amazin’ 
Lady. The plane already carries a re- 
motely piloted vehicle—a smaller air- 
craft that requires less fuel and stays 
in the air during an ongoing story. “You 
can fly it in dangerous areas,” adds de 
Caro, 

“You data-link all these raw-video 
sources to the airplane,” he explains. 
The footage is edited on board the 
flight, then downlinked to a satellite 
receiver on the ground, and bounced 
back up to a satellite. Later, de Caro 
plans to equip The Amazin’ Lady with 
a gyro-stabilized Ku-band antenna so 
that video can be sent directly to a 
satellite. 

Aerobureau's first assignment might 
be to cover a round-the-world balloon 
flight. But de Caro is shooting for a 
one-year contract with a television net- 
work. His asking price is $6.5 million, 
which buys 40 hours of flying time a 
month. Because of insurance and safe- 
ty concerns, de Caro cannot transport 


Seiko’s MessageWatch updates itself depending 
on what time zone you are in. It displays mes- 
sages from AT&E's message center 


reporters—that’s why the major net- 
works, which spend big money on high- 
visibility correspondents, are reluctant 
to climb aboard The Amazin’ Lady. 


A watch to watch 


Standing before a group of reporters 
and company representatives, Molly 
Andrews, director of planning at AT&E 
Corp., picked up a telephone handset. 
From New York City, she called AT&E’s 
Message Center in Portland, Ore. 
Prompted by a computerized voice, she 
entered a series of numbers, including 
the phone number printed on a coop- 
erative journalist’s business card. At 
1:26 p.m. on June 12, about one min- 
ute after Andrews hung up the phone, 
a Seiko Receptor MessageWatch in 
Philadelphia began beeping—signal- 
ing the long-awaited first public trans- 
mission of a message to a wristwatch 
pager (“Wristwatch Pager,” Dec. '86]. 

Dick Tracy probably wouldn't be 
satisfied with the MessageWatch, 


which doesn't allow for two-way com- 
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munication, but the tiny pager is ex- 
pected to provide a variety of new data 
transmission services. For example, 
with improved capacity, it might even 
be able to receive stock-market quotes 
or facsimiles. 

To send a message to a subscriber, 
you call the local Receptor message 
clearinghouse. If necessary, the mes- 
sage is routed along phone lines to the 
destination city, where it's broadcast 
on the FM subcarriers of at least three 
local radio stations. 

The $275 MessageWatch contains 
five chips, including a radio receiver 
made by Portland-based Tektronix. 
"The receiver automatically scans FM 
stations like your car radio does," ex- 
plains Dr. Ronald E. Foerster, presi- 
dent of AT&E Laboratories in Portland. 
An FM station uses only a portion of 
its allotted bandwidth for radio pro- 
grams; the remainder can be used for 
other services, such as the message 
broadcasts. 

The wristwatch scans the airwaves 
just once every 1.8 minutes, stretching 
the life of its lithium battery to nine 
months, claims Charles M. Skibo, pres- 
ident and chief operating officer of 
AT&E in San Francisco. A loop an- 
tenna built into the wristband receives 
the broadcasts. The watch displays up 
to 16 digits, as well as messages to "call 
home" or "call office." Callers can also 
tag urgent messages with a *U" or send 
private codes instead of numbers. Skibo 
reports that one newlywed often dis- 
patches "Code 8" to her watch-wearing 
husband, who knows it means “I love 
you." 

Radio signals sent to the Message- 
Watch also include the exact local time. 
When you travel to another time zone, 
the watch resets itself automatically. 

AT&E has signed 30-year options or 
lease agreements with more than 150 
radio stations, says Skibo. The paging 
service is currently available only in 
Portland, where it costs $12.50 a 
;month. AT&E plans to introduce Re- 
ceptor in 17 other cities next year. Is] 


All for show: Tactical: maneuvering is Aero- 
bureau's plan for covering news events. 
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By MARIETTE DiCHRISTINA with V. Elaine Gilmore and Judith Anne Yeaple 


Anytime house 


Some 43 million Americans have dis- 
abilities, and the nation is steadily 
growing older. Also, people with hand- 
icaps and the elderly are at greater risk 
in fires, which annually claim 6,000 
lives and injure more than 100,000 in 
the United States. 

Add these facts together, and you un- 
derstand the impetus for the house in 
the photograph on the right. The 
Adaptable Fire-Safe Demonstration 
House starts with an open, flowing 
floor plan, then adds already-available 
devices to make it accessible for wheel- 
chair or walker users and easily adapt- 
able for those with other special needs. 
Enhanced fire-safety features are also 
tailored to people with disabilities. And 
the house costs little more to build than 
a conventional house. 

The project was planned and coordi- 
nated by the National Association of 
Home Builders National Research 
Center and sponsored by the Center, 
the NAHB (the Center's parent group), 
the U.S. Fire Administration, and the 
Architectural and Transportation Bar- 
riers Compliance Board. 

“The idea was to show how to incor- 
porate basic design features and off- 
the-shelf products for persons with dis- 
abilities into a standard 2,300-square- 
foot two-story house,” says Barry 
Rosengarten, chairman of the NAHB 
Standing Committee on Research. 
“Today it is the only house of its kind, 
but the concept will move into the 
mainstream of building during the 
1990s,” he says. 


PHOTOS BY JANE WILLEBOORDSE 


Accessibility has received increasing 
attention during the last few years. 
The 1988 amendments to the Fair 
Housing Act include requirements for 
certain design features in new multi- 
family housing. And the proposed 
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The NAHB's Adaptable Fire-Safe House (top) 
changes to accommodate any of life's seasons. 
An elevated (for easy stoking) wood stove (left) 
has a soapstone exterior that stays cool enough 
fo touch. A push-button doorknob (above) is 
simpler to use for those with impaired hands. 
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Americans With Disabilities Act will 
mandate accessibility in public ac- 
commodations. This project seeks to ex- 
tend the concept to the single-family 
house. 

The demonstration house was built 
in the Greenwood, Del., factory of 
Nanticoke Homes, and trucked to the 
NAHB Research Home Park in Bowie, 
Md., in four modules. Architect Jane 
Willeboordse designed it to be wheel- 
chair-accessible from the ground up. 
The two-car garage, for example, is tall 
enough to accommodate a van that has 
been modified for transporting wheel- 
chair users. The gently graded ramps 
ease entry through the garage, patio, 
and front door. Earth sloped up to 
the deck facilitates passage to the 
backyard. 

Inside, low-pile carpeting eases the 
movement of walker or wheelchair 
users. Three-foot-wide doorways ac- 
commodate wheelchairs, and wall 
brackets in the kitchen allow the cab- 
inets to be hung at different heights. 
(Optional electric motors could raise 
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and lower them.) Other aids for peo- 
ple with disabilities: rocker light 
switches at 44 inches high—four 
inches lower than usual; outlets 20 
inches from the floor—9 inches higher 
than standard; casement windows that 
open with a crank, and lock with a le- 
ver; a circuit box and fire-alarm-system 
control panel on the first floor—rather 
than in the garage or basement; and 
dry-cleaner-style closet carousels for 
clothing storage. 

“We could not provide for every 
possible situation or need,” explains 
Rosengarten. “That’s why adaptabil- 
ity is a key feature of this house.” One 
of the most sensible of these adapta- 
ble features is the location of a den/bed- 
room on the first floor, which is across 
from a combination bath/laundry room 
that has a barrier-free shower with a 
folding door, an 18-inch-high toilet, 
plus a washing machine and clothes 
dryer. The den/ bedroom's bed retracts 
into the wall with the push of a but- 
ton. The family could use the room as 
a den for years. Then if an elderly 
relative moved in, it would be an ideal 
bedroom. 

The demonstration house has grab 
bars strategically located on the bath- 


room walls. But if they weren't needed 
when a house was built, the bathroom 
walls could be reinforced during con- 
struction and the grab bars added on 
later. 

This house also has an elevator. But 
to build a house that could accommo- 
date one later, all you have to do is 
align walk-in closets on every floor, and 
you have the shaft already in place. 
Adding the elevator in a two-story 
house with a basement would cost 
around $18,000, according to Liza 
Bowles, an NAHB Research Center 
vice president. A chair lift, which uses 
a stairway, would be less costly, she 
notes, at $8,000 or so. 

The fire-safety features are equally 
well thought-out. A pull-out ironing 
board at wheelchair height has an iron 
that shuts off automatically. Hard- 
wired (rather than battery-operated) 
smoke detectors and strobe lights that 
flash to alert the hearing impaired are 
connected to a fire-alarm system. 

Special red electrical outlets in the 
bedrooms are also wired into the alarm 
system and energized when the alarm 
is triggered: In a fire, a blind or deaf 
person could be awakened by a fan or 
a bed-vibrating mechanism plugged 


into one of those outlets, explains 
Rosengarten. 

The house has sprinklers, which 
also are hooked into the alarm sys- 
tem. A type new for residential use, 
from The Viking Corp. of Hastings, 
Mich., is showcased on the second 
floor. They are capped and inconspic- 
uous. One sprinkler handles a 12-foot- 
square area: “Only the head closest 
to the fire has to go off,” says James 
Е Coyle, assistant administrator of the 
US. Fire Administration. 

When temperatures rise above 135 
degrees F, heat-sensitive metal in the 
cover expands, opening like a rose, and 
it falls off. When the temperature rises 
to 155 degrees, a liquid in a glass bulb 
expands, breaking the bulb; then the 
water starts to flow. The fire-safety sys- 
tem added about $6,000 to the cost of 
the house, says Bowles. The sprinkler 
system accounts for around $3,450 of 
that. Prince Georges County, where the 
demonstration house is located, will 
mandate fire-sprinkler systems in new 
single-family homes in January 1992. 

Bowles calculates the cost of design- 
ing an accessible and adaptable house 
(not including the elevator or sprinkler 
system) to be about two to three per- 
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IS YOUR CAR DYING 
OF NATURAL CAUSES? 


Now you can stop that deadly friction that tears away at your engine 
USE Tutoil | 


AND YOUR ENGINE 


Xan Ye seos the рә of new WILL LAST... AND 
cars. uj 1 get 
go up every ye LAST...AND LAST! 


seems to end. There are lots of 
reasons to keep that nice car of yours 
on the road as long as possible. 


Car sales are down and Tufoil sales 
are up. People are smart...they’re 
taking the economical way out and 
what could be easier than Tufoil. Just Several months ago, a nice man I'd 
add 8 oz. to the crankcase the first never seen before walked into my of- 
time and 4 oz. each time after that. v fice, big smile on his face, sat down 
You don't have to shake the container fi and said, "Would you believe 340,000 
or add an engine flush. Just pour it miles on a Tufoil engine?" He went on 
in and drive away! [ST 1 to rave about how well his engine has 
4 been running all these years. I 
Your throttle will get silky E couldn't get a word in edgewise. 


smooth...acceleration will improve. Recently, a truck driver called in with 


One customer said his car "takes off р l over 1,000,000 miles on a diesel using 
like a scared rabbit!" , ci Tufoil - WOW! 


Tufoil works wonders for all known 
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Engines last longer with Tufoil. Our 
1976 476 T-Bird is now at 190,000 
miles and purring. 


A bunch of customers’ cars have now 
passed 250,000 miles. 


о А customer from Vermont added 10% 
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cent more than that of a standard new 
home. The price may also vary by both 
site and the size of the planned house, 
she adds. 

In addition to more specific cost in- 
formation, the Research Center offers 
technical help for your builder to plan 
a similar house for you. The demon- 
stration house will be open to the pub- 
lic by appointment through next May. 
NAHB National Research Center, 400 
Prince Georges Blvd., Upper Marlboro, 
Md. 20772-8731. 


Utilities buy conservation 
Many gas and electric utilities have 
programs to encourage energy conser- 
vation. Also common are rebate pro- 
grams, which help the utilities’ cus- 
tomers buy efficient appliances. 
Boston Edison, New England's larg- 
est utility, announced an unusually am- 
bitious $213 million conservation pro- 
gram. The goal: to reduce demand for 
electricity by a billion kilowatt-hours 
over the next five years—and thus fore- 


The best radar detector ever made 
is now even better...the new ESCORT 


How Can The Best Get Better? 
The answer to that question is simple: The new 
micro-size ESCORT picks up radar signals from 
farther away than ever was possible before. 

You no longer will wander into a sudden 
“beep-explosion,” too late to react. Even distant 
"instant-on" radar doesn''t faze this mighty detector. 

Early warning is well beyond the capability of 
other detectors without ESCORT's power and sensi- 
tivity. You know the value of radar warning. You 
should know, too: Only one detector is the most 
powerful: ESCORT. 


What's New Under the Handsome Case 
The all-new ESCORT literally uses space-age 
technology—Digital Signal Processing (DSP), the 
same advanced system NASA uses to “sharpen” 
radar images. DSP samples incoming radar signals 
50,000 times a second. Information is digitized and 
analyzed by a signal-recognition computer. 

Result? Greater distance than any detector 
ever had before. Greater separation of false-signals. 
Incredibly fast reaction to instant-on traps. 

The case is aluminum, finished in non-glare 
black...not cheap plastic. 


* Just 76" high, 3%" wide 
* Variable-pulse warning 
* Alert lamp glows on radar contact. йй 
* Visor clip and adjustable windshield mount 

* Hewlett-Packard LED bar graph shows radar proximity 


* Photocell adjusts display to саг light level (plus dark 
mode for discreet operation) 


* Adjustable volume and mute switch (including “automute” 
to turn volume down after first alert) 


Genuine leather carrying case 


Thieves Know: 

They Can't Use a Stolen ESCORT: 
ESCORT has a tiny "Digital Key" Use it to unlock 
your ESCORT when you first get it, then every couple 
of months. Without the key, ESCORT won't work. 

Thieves know this. When they spot an ESCORT, 
smart crooks move on to the next car. 


It Costs No More to Have The Best 
ESCORT costs $295. That's actually less than some 
radar detectors with a fraction of ESCORT's ability. 

But— 

You don't risk one cent to find out for yourself 
how much protection ESCORT gives you. Use it for 
‘one full month. If for any reason you think you can 
get along without it, send it back and we'll send you 
а complete refund, even including your retum shipping 
costs. What could be fairer than that? 


Use ESCORT For One Month At Our Risk 
Order by calling our Toll-Free number 
24 Hours a Day, Seven Days a Week. 


Call toll-free 1-800-543-1608 


ESCORT 


RADAR WARNING RECEIVER 
p Ac 


$295 onio residents add $1623 state sales tax 
Price sightly higher in Canada. 


A product of Cincinnati Microwave, maker of over 
two million PASSPORT and ESCORT radar detectors 


Cincinnati Microwave 
Department 001690 

One Microwave Plaza 

Cincinnati, Ohio 45249 
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stall building a new generating plant. 
Specifically, the money will be spent 
to make new buildings more energy ef- 
ficient, to retrofit existing residential 
and commercial buildings, and to sup- 
ply energy-efficient light bulbs free or 
at bargain rates. In the next five years, 
Boston Edison expects to save $2 worth 
of electricity for every dollar invested. 
It will retain part of the savings and 
part will be passed on to customers. 
Meanwhile, Wisconsin Electric Pow- 
er Co. has tackled three of society's 
problems with one program. WEPCO 
offers a $50 or $100 U.S. savings bond 
to customers who turn in old, ineffici- 
ent refrigerators, freezers, and room 
air conditioners. So far 147,000 have 
come in. The utility sells the scrap alu- 
minum and steel for recycling, and re- 
covers the chlorofluorocarbons (so that 
these chemicals aren't released to de- 
stroy stratospheric ozone). And since 
these old appliances were replaced with 
more efficient models, the program also 
saves energy. Computer modeling 
shows that the peak electric load has 
been reduced by 42 megawatts so far. 


A breath of fresh air 


Whether your house is tightly sealed 
or leaky, chances are you like to open 
the windows for some fresh air. But an 
open window often causes unpleasant 
drafts, lets in rain and snow—and of- 
fers an invitation to burglars. 

One solution, long used in Europe, 
is the trickle ventilator. Designed ei- 
ther into the top of the window frame 
or the top of the pane, trickle ventila- 
tors allow outside air to flow slowly 
in through slots about М; inch wide. 
A cover, on parallelogram hinges, lets 
you adjust the airflow or seal it off 
entirely. Now Titon Inc. of South Bend, 
Ind. is selling British-made trickle 
ventilators in the United States. 

“By putting the air inlets near the 
ceiling, the fresh air mixes with the 
heated air before it contacts people,” 
explains Stu Fishman, vice president 
of sales and marketing for Titon. That 
means you won't feel a draft. And be- 
cause the cold air mixes with the up- 
per strata of air, the hottest in the 
house, "the increased heating costs are 
negligible," Fishman claims. 

And what about rain and insects 
entering through the vents? *We put 
alittle canopy on the exterior," hesays, 
"so the rain runs off. And a screen be- 
low keeps bugs out." 

So far, the company sells only to 
window manufacturers who build the 
trickle vents into new windows (photo). 
Retrofit models are to be introduced 
here later (at $10 and up). To install 
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these you'd just drill a series of holes 
in the window frame, then screw on 
the surface-mounted components 
(shown in the drawing). 


Info mart 


* For 10 years, from 1977 to 1986, Рор- 
ULAR SCIENCE and the American Ply- 
wood Association sponsored an annual 
project-design contest that attracted 
some handsome and clever entries. 
Recently, the APA published a catalog 
of 50 plans for do-it-yourselfers, many 
of which came from those plywood con- 
tests. For a copy of the booklet, send 


$1 to the APA, Dept. Y630P, Box 11700, 
Tacoma, Wash. 98411. Plans for most 
of the projects sell for $2 each. 

* “The Inside Story —A Guide to In- 
door Air Quality" is a 32-page paper- 
back published by the EPA and the 
Consumer Product Safety Commission. 
It's an overview of the common indoor 
pollutants, where they come from, and 
ways to get rid of them. Lead, asbes- 
tos, radon, pesticides, and others are 
included. To get a copy, send 50 cents 
(coin, check, or money order) to: Indoor 
Air Quality Guide, Consumer Informa- | | 
tion Center, Pueblo, Colo. 81009. GG) 
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long a European 
staple, Titon Inc's 
trickle ventilators, 
placed at the top 
of windows, allow 
fresh air to flow in 
through ¥2-in-wide 
slots. 
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There's never a good day 


for your wood. 


il TT 


Thompson's protects mm against water, sun and mildew. & 


Your house is constantly being attacked by sun, 
wind, rain, mold and rot. Thats why your wood 
needs the full-time protection of Thompson's” 
Wood Protector. 

Thompson's unique formula contains powerful 
waterproofers to protect against splitting, cracking 


© 1990 Thompson & Formby. Inc 


and warping; mildewcides to prevent mold, Wood № 
mildew ded us and sunscreens to help prevent 1 Protector f 
fading and greying. So use Thompson's Wood = 3 
Protector. Youll see how just one coat can give 
your home full-time protection for a longer life 
expectancy than you ever expected. 
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U.S., JAPAN, EUROPE 


THE WORLD'S 
SMARTEST 


HOUSES 


Powerful consortia are writing standards, designing 
hardware and software, and demonstrating integrated 
home-automation systems in whiz-bang show houses. 


he truth is, the smartest 
house in the United States 
today—and perhaps the 
smartest in the world—is 
some private enclave built 
for a zillionaire. The “smarts” 
in such houses start in the 
heads of electrical engineers who use 
computers, sensors, miles of wire, 
and electronic adapters to bully to- 
day's appliances, security systems, en- 
tertainment equipment, lights, and 
energy systems into communicating 
with each other to form a sophisticat- 
ed home-automation network. Pop- 
ULAR SCIENCE has covered several of 
these ultra-everything houses over 
the years. 

They make good copy, but have lit- 
tle implication for the rest of us. Re- 
cently though, home-automation pro- 
moters have been developing standard 
specifications designed to allow com- 
panies to build products that work to- 
gether—off the shelf. That's the route 
to home automation for the majority. 

The implications are mind-bog- 
gling because integrated home au- 
tomation assumes that everything 
electrical can communicate with and 
control everything else. And all can 


56 | POPULARSCIENCE SEPTEMBER 1990 


By V. ELAINE GILMORE 


be controlled via telephones, hand- 
held remotes, key pads, touch-screen 
televisions, voice command, and more 
—inside and outside the house. Do 
you want your furnace to have your 
house cozy by the time you get home? 
Just pick up your office phone and 
call your automated house. Do you 
want to instruct the electric utility 
to turn on your washing machine 
when the kilowatt-hour rate is low- 
est? That, too, is an easy option with 
integrated home automation. 

Worldwide, there are several big- 
league coalitions putting big bucks 
into home-automation projects. The 
next two stories focus on one such ef- 
fort in Japan and another in Europe. 

On the western periphery of Balti- 
more stands a new house that, from 
the outside, looks as mainstream as a 
shopping mall. Inside, though, its walls 
are open, revealing gray wiring ca- 
bles that terminate at test instru- 
ments instead of outlets. 

This is a proving ground for Smart 
House technology, one of the two prin- 
cipal contenders for the U.S. home- 
automation title. Smart House is a 
partnership spun off by the National 
Association of Home Builders, a trade 


association. It was launched in 1984. 
That same year the Electronic In- 
dustries Association, another trade 
group, formed the Consumer Elec- 
tronics Bus (CEBus) committee to de- 
velop specifications for compatible 
home-automation products. The “In- 
tegrated, Automated, Educated House" 
Iwrote about for the June issue is a 
proto-CEBus demonstration house. 

Smart House is a for-profit part- 
nership that licenses its technology 
—hardware, software, and specifica- 
tions—to manufacturers. So far, 11 
have signed up, including AT&T, Car- 
rier, Lennox, and Pioneer. The EIA's 
CEBus standards, expected to be fi- 
nal next spring, can be used by any- 
one free of charge. CEBus-style home 
automation assumes that most of the 
intelligence will be in the devices that 
plug into the system. Smart House puts 
more smarts in the system. 

At Smart House headquarters in 
Upper Marlboro, Md., Chuck Guten- 
son, executive vice president, spreads 
out a wiring diagram on his desk, 
then lays three lengths of wiring ca- 
ble beside it. 

"The system has changed a lot since 
1988," he remarks. That was the year I 


wrote about “Smart House” for our 
August issue. At that time, plans 
called for several microprocessors 
that would control the appliances 
and systems in the house. Now one 
central controller will do the job, 
Gutenson says. Why the change? To 
simplify the hardware and reduce cost. 

“The central controller has two main 
functions,” explains Ross Heitzmann, 
president of Smart House. ‘First, it is 
a network manager.” It routes the 
electronic signals that control the ap- 
pliances and systems. “To do that, it 
must keep track of everything that’s 
connected to the system,” he says, “so 
it contains a data base for the house.” 

In addition, the central controller 
has some logic: an operating system 
to manage different software, and 
enough applications software to di- 
rect simple functions. The makers of 
Smart House appliances are expected 
to develop their own software to do 
fancy functions. 


A prototype Smart House built by Baltimore Gas and Electric is a test bed for a central controller. 
hile the number of control- 
lers was shrinking in the ev- 


olution of Smart House tech- 
nology, the number of wiring cables SMART WIRING 
was growing. In the original concept, 
all services—power, phone, audio, DISTRIBUTION-INTERF p n SERVICE CENTER — SECURITY SENSOR 


and video, plus the electronic signals 
that control the house—were to be 
handled by a bevy of conductors bun- 
dled into one wiring cable. Wherever 
there was an outlet, you could plug 
in your toaster, phone, TV (with ca- 
ble access), speakers, or whatever. 
But the cable, like the multiple con- 2 = 
trollers, carried a high price tag. PET CONTROL PANEL ^ LIGHT FIXTURE 

There were other problems too. T 

“Earlier, we planned to install the £2-— SWITCH 
cable flat," says Heitzmann. Electri- = I 
cians screamed: Rather than drilling 
"/g-inch holes to string wires through 
studs, they'd somehow have to cut 
notches. “So we decided to roll the ca- 
ble," Heitzmann continues. But that 
threatened to cause interference prob- 
lems: Signals traveling on the power 
line might put static on the phone 
lines. “So we split the cable," Guten- 
son says. What each does is explained 
in the box. 

You still can have every service at 
every outlet, but homeowners aren't 
expected to opt for that. And no long- 


er must every outlet be smart. ^You A MT WIRID MOM INS QM. а Атине сане BOUE 
can now use a mix of plain old recep- SIGNAL е ‘TWISTED PAN ) -SIGNAL 


tacles and smart AC outlets," Heitz- 
mann explains. Furthermore, you 
can easily switch from one to the oth- | Electricity, telephone, and cable (or satellite) television are brought in from outside at the ser- 
er because the modules plug into the | vice center. The controlling computer is also there, as are batteries, which provide backup 
outlet box; no wiring required. power for all memory chips and a few vital functions. Three hybrid cables distribute the ser- 

Construction of Smart Houses can | vices. One contains the three conductors for AC power plus six to carry the electronic signals 
begi ext April, tht h th tral | that control the house. A second contains two coaxial cables and four twisted-pair copper 
а та E bem ay be wires for telephones. The third cable carries 12-volt DC and includes the six conductors for 
ready till fall. us the control signals. It connects sensors, switches, and other low-voltage devices. 


JANA BRENNING 
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LASSIC STYLE 


Japan's house of the future is deceptive. 
It's warm and inviting, but takes the 
systems' approach to extremes: Its func- 
tions are interconnected through a syn- 
ergistic computer network. 


By DENNIS NORMILE 
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s I step inside this 
advanced “intelli- 
gent" house, the first 
thing that strikes me 
is that it doesn't look 
like a high-tech won- 
der. The interior has 
the spare, clean lines 


of modern Japanese architecture: 
Natural wood and neutral colors give 
it a warm, homey feeling. The south 
wall is glass, enclosing a two-story 
atrium filled with trees and plants. 
It takes a second look to notice the 
dozens of sensors, hidden in the ceil- 
ing and elsewhere, that monitor the 
temperature, humidity, airflow, human 
presence, and even carbon dioxide 
levels in the house. Others monitor 
the weather outside. The sensors are 
part of a network that ties together 
three personal computers, appliances, 


and motor-driven devices like win- 
dows and blinds. At the center is the 
home server, a computer that acts as 
a traffic cop for the flow of informa- 
tion. It has a 32-bit microprocessor 
but no keyboard or monitor; its job 
is to route control and data signals 
through dedicated wiring. 

This $7-million showcase of ad- 
vanced technology is the brainchild 
of Ken Sakamura, an associate pro- 
fessor at the University of Tokyo’s 
department of information science. 
Sakamura designed the house to il- 
lustrate the potential of his radical 
computer-networking concept called 
TRON, for The Real-time Operating 
system Nucleus (see box). Basically, 
TRON is an operating system—the 
layer of software that lies between 
computer hardware and application 
software—as well as standardized in- 


terfaces that will enable any micropro- 
cessor in the house to communicate 
instantly with any other. 

Located across the street from the 
university, the TRON house is an on- 
going experiment. Its perfomance is 
expected to provide valuable feedback 
for future applications of the TRON 
concept. 


Interactive gadgets 


To the greatest extent possible the 
intelligent devices in the house con- 
trol themselves and exchange infor- 
mation with other devices. But the 
microprocessors built into each de- 
vice have limited memory. The home 
server makes up for this limitation 
by storing the various programs the 
devices use. When the homeowner se- 
lects the “going out” mode on the mas- 
ter panel, for example, the home ser- 


This experimental house has motorized windows 
that automatically act in concert with external 
weather sensors and the ventilating system. 
Ken Sakamura (far left) holds the ergonomic 
Dvorak keyboard for his TRON computer. 


ver loads the “going out” programs in- 
to the burglar-alarm, lighting, and ven- 
tilation systems. The devices then 
perform independently in their pre- 
programmed modes until the family 
returns and reloads the normal day- 
time programs. 

The homeowner may override auto- 
matic controls with wall switches in 
each room or reprogram the embedded 
commands from any of the three per- 
sonal computers placed strategically 
throughout the house. Scenarios coor- 
dinating several systems can be pro- 
grammed. A party setting, for exam- 
ple, might include closing the drapes, 
adjusting the lighting, and tuning in 
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COURTESY OF THE TRON CONCEPT INTELLIGENT HOUSE RESEARCH COMMITTEE 


An automated storage system takes bins from 
‘access ports in the living area through a shaft to 
the basement. A video camera in the ceiling can 
record either a still shot of the contents or a 
video of a bin being loaded. The images can be 
viewed on the monitor and a bin selected for re- 
trieval using the control panel (inset). 


background music—all initiated from 
one switch in the living room. 

The integration of the various sys- 
tems is refined to the extreme. For 
example, people sitting under bright 
lights gain radiant heat even though 
the lighting does little to warm the 
air. Therefore, lighting level is one 
of the considerations in controlling 
the heating, ventilation, and air con- 
ditioning systems. 

There are actually three HVAC sys- 
tems. Forced-air heating and cooling 
are delivered throughout the house. 
In addition there are two radiant sys- 
tems on the first floor. For heating, 
hot water is piped beneath the floor; 
for cooling, cold water is piped above 
the ceiling. The intent is to eliminate 
cold floors and hot ceilings. 


Ongoing “living” experiment 


At some point within the next year, 
a family will move into the house 
and live with the ongoing experiments. 

*Thermographic devices, which 
can tell how many people are in a 
room and can determine their body 
temperatures by the infrared radia- 
tion emitted, will feed data to the 
HVAC control systems. This informa- 
tion helps the system determine the 
cooling or heating load required. 

*Data from indoor air-velocity and 
temperature sensors will be used to 
determine HVAC fan speeds. The 
goal: to eliminate hot and cold spots 
within a room. 

*Digital phones will control func- 
tions from the house and outside. 

*Microprocessors in the roof- 
mounted weather station (which in- 
cludes wind-direction, wind-velocity, 
air-pressure, rain, and brightness 
sensors) will actuate motors to open 
and close windows. 


t 


DISTRIBUTED INTELLIGENCE AND A TRAFFIC COP 


PRIVATE BRANCH EXCHANGE 


TO LOCAL TELEPHONE LINES: 
АМО DATA BASES 


Eau 


‘+ CABLE, SATELLITE, AND 
BROADCAST TV 


BROADCAST RADIO — 


Key to the TRON system is its interactive design. Although the home server is a central computer of 
sorts, it is more a work-flow coordinator than controller. Data exchange is two-way between all mi- 
crochip-controlled devices and the server; only outside sources are one-way. 


JANA BRENNING 
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*Тһеге are speakers and TV moni- 
tors in every room. The speakers are 
connected to a central AM-FM receiv- 
er and 10-disc CD player. For video, 
signals put into the network can be 
viewed on 33 monitors and TVs. Vid- 
eo signals include those from any of 
the home’s seven cameras, the VCR, 
or the laser-disc video machine inside 
the house—or those from TV, satel- 
lite, or cable networks from outside. 
Say someone comes to the door while 
the TV is on. A viewer can switch 
the system to the camera at the en- 
trance to see the visitor. The visitor’s 
voice will be heard over the TV 
speakers. Under development is an 
infrared remote-control device that 
will allow control of the TV, VCR, ste- 
reo, lighting, curtains, and front door. 

In all, more than 100 different ex- 
periments are in the works. There 
will also be disaster simulations to 
see what problems will arise if the 
electricity fails or the computer sys- 
tems crash. In a power failure, for ex- 
ample, everything will go down. 
Certain functions normally operated 
electrically—such as the front door 
lock—can be operated manually. The 
live-in test will determine whether or 
not backup power is needed. 

Because the house’s systems arent 
centrally controlled, a computer crash 
— even in the home server—will not 
cause everything to stop working. 
There would be a loss of harmonious 
operation, and devices might be stuck 
inone mode. The various experiments 
will determine where to build in sys- 
tem redundancy. 

Since Sakamura first outlined his 
plan in 1984, it has attracted serious 
support: Thousands of engineers are 
working out the details, and some 
140 companies are members of the 
TRON Association, which establishes 
standards for making chips and de- 
veloping software. Non-Japanese com- 
panies such as Apple, IBM, Sei- 
mens, Olivetti, Intel, Texas Instruments, 
and Motorola are members. 

In the future, the network will be 
extended to a TRON office building, 
already being planned. And further ` 
off Sakamura envisions an entire 
TRON community where such things 
as sensor-studded roads will commu- 
nicate with intelligent automobiles. 

Sakamura’s utopian view of the 
world is one in which compatibility 
and communication are central and 
indispensable. The TRON house is 
the first step toward such a world. Hs] 


TRON: THE ULTIMATE GLOBAL COMPUTER NETWORK 


Ken Sakamura bustles off the elevator, apologizing for being late. 
Clutching books and papers, he gallops down the hall to his office. 
We sit down, and he scatters sample computer chips on the table for 
me to examine. He jumps up and makes a telephone call while an- 
swering questions. It's 1:40 p.m. and he hasn't had time to eat lunch. 
He calls out for “a sandwich or something,” and sits back down. 
Then he’s up again, sketching on the white board, rifling through 
files for information, acting out his explanations. He is a man with a 
mission. 

With his unruly hair and passionate manner, the 38-year-old 
Sakamura seems more an adventurer than the University of Tokyo 
associate professor that he is. His business card identifies him as 
a “computer architect.” But he is really looking to redesign the 
world—at least the computer world. He wants to put all the de- 
vices that use microprocessors, everything from microwave ovens 
to supercomputers, on one unified architecture. Ultimately this 
would allow massive networks to link computers, equipment, and 
appliances. 

His vehicle is The Real-time Operating system Nucleus, or TRON 
for short. Basically TRON is a set of general specifications for four 
operating systems—the layer of software that lies between the com- 
puter hardware and the applications software—that Sakamura 
hopes will result in standardizing computer interfaces of all kinds. 
Also, by incorporating specialized CPU instructions to speed up spe- 
cialized operations, TRON would allow computers to process infor- 
mation in real time—instantly, as it is generated. 

What Sakamura considers a computer goes far beyond the box 
with a keyboard that sits on your desk. Microcomputers are being 
stuffed into everything from robots to refrigerators. He sees them be- 
ing used even in furniture and floors, walls, and windows—creating 
what he calls “intelligent objects.” 

Sakamura believes that in the next century there could be hun- 


dreds of such intelligent objects for every person. Without standards 
for connecting and using these objects, they would form a modern 
tower of Babel. 

In Sakamura's view, existing operating systems were developed 
piecemeal and for specific tasks. There was no overall vision of con- 
necting vast numbers of computers and other devices incorporating 
microprocessors. Going back and figuring out how to hook these de- 
vices together is inefficient. His intent is to design for inherent com- 
patibility from the start, seeing every device as a piece of a network 
that should easily allow the exchange of information. 

TRON specifications aim at standardizing the interfaces between 
all this different hardware, between the hardware and the applica- 
tions software, and between both hardware and software and us- 
ers. Industry TRON (ITRON) is the operating system for micro- 
computers embedded in equipment and appliances. Business 
TRON (BTRON) is for work stations and personal computers. Cen- 
tral TRON (CTRON) controls main frames, servers, and data bases. 
And Macro TRON (MTRON) will eventually run the “highly functional 
distributed system.” 

Sakamura expects to cooperate with other groups working on 
standards, such as the Electronic Industries Association of Japan, 
which has its own set of specifications for home automation called 
the Home Bus Standard, and the Domestic Digital Bus (D2B) group 
headed by Philips and Matsushita, which is working on linking differ- 
ent brands of electronic products in automated homes. But he says 
what limits other schemes is that they are hindered by maintaining 
compatibility with existing technology. He thinks it is time for a clean 
start. 

Says Cesare Monti, marketing general manager for Olivetti Corp. 
of Japan: "It is the first attempt I've ever seen in the computer indus- 
try to stop what has been done up to yesterday, and start to think 
about new objectives from a new point of view."—D. N. 
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FROM EUROPE: 


BAUHAUS 


Holland’s striking entry in the home- 
automation tournament shelters a col- 
lection of integrated electronic systems 
in a geometric structure that is itself a 

showcase of future technology. 


By DAVID SCOTT 


PHOTOS BY MARCEL VAN KERCKHOVEN 


onventional ideas do 
not cloud the vision of 
Chriet Titulaer, who 
sees a future rife with 
possibilities for home 
automation and con- 
struction. The chief 
idea man for the 
Dutch House of the Future explains 
its underlying concept simply: 

“Think of it as a platform for ex- 
ploring home life in the year 2000,” 
says Titulaer, the author of more than 
50 books on topics ranging from arti- 
ficial intelligence to space research. 
“The house anticipates rapidly chang- 
ing social attitudes and developing 
technology.” Which, I suppose, ex- 
plains its cylindrical glass-enclosed 
bathroom—including a translucent 
tub with underwater lighting. 

“It’s unlikely that the family home 
of the future will resemble our pro- 
ject,” Titulaer admits, “but it gener - 


62 | POPULARSCIENCE SEPTEMBER 1990 


ates ideas that may well carry over.” 

The project took off in early 1988, 
spearheaded by Titulaer, who heads 
his own publishing and video produc- 
tion company and has a science and 
technology program on Dutch TV. He 
contacted businesses, institutions, and 
universities—most of them Dutch 
—for all kinds of technological contri- 
butions. Some 150 now participate. 

The $6 million house contains 
many electronic systems that act in 
concert, as well as advanced building 
materials. Like other attempts at 
home automation, the house seeks to 
improve the level of convenience, com- 
fort, and security, which, as we live 
longer and work less in the future, 
will take on added importance in our 
lives, says Titulaer. 

The house was constructed in seven 
months on an island in a small man- 
made lake in the Autotron theme 
park in Rosmalen, about 35 miles 


south of Amsterdam. Though it’s had 
nearly one-half million visitors since 
its opening, the house is not fin- 
ished—and may never be. 

“To stay abreast of social and tech- 
nological developments, it will be 
continuously updated. This enables 
companies to experiment with how 
to improve the quality of life,” says 
Titulaer. 

My visit is a time-warp experience. 
Starting on a bus from town, I switch 
to a horse-drawn charabanc where a 
dirt road meets the highway. From 
there we clip-clop to the Autotron 
park entrance, where I board a steam 
train to the house. As I step across a 


, 
Ыы wal A Big 4 


glass-covered bridge over a narrow 
moat, I am flung instantly into the fu- 
waits for me. 

s in the bridge's 
sides and canopy are compressed 
edgew: n metal frames fi 
tural 

gravel path to the house is firm and 
doesn't crunch underfoot. "The gravel 
packed in honeycomb fram: 
t stiletto heels, bu 
drainage,” explains Titulaer. 
As we reach the door, my introduc- 
tion to the hou: electronic 
unlocks automatic- 
and Titulaer pushes it open. He 
a plastic card out of his breast 


| 


pocket. “An induction loop recognizes 
sonally coded chip card from 
nd grants me entr 

card also opens the big glass 
wall panels between the living room 
and garden, which hydraulically pivot 
to create athirty-three-foot-wide twen- 
ty-one-foot-high opening,” he Tt 
lets me use the elevator intended for 
the disabled, and gives access to re- 
stricted areas, like the VIP penthouse 

lounge” [for project participants]. 
Many house functions are integrat- 
mulate human intelligence. 
“Since it isn’t practical to build a com- 
puter that controls everything, we 
have many stand-alone tems that 


The geometric shapes of Europe’s House of the 
Future echo the unique advances found inside. 


communicate with each other, 
plains Titulaer. The actio е соо 
dinated at the “technical wall” in the 
garage, which includes the main com- 
puter and a complete climate-control 
and water-management system. A 
monitor near the entry door, updated 
every five seconds, shows the status 


‘detected by one of 
y-eight fire sensors, that sy 
own computer, 
communicates ith the other comput- 
ers, and the house calls the fire de- 
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LOOKING INTO THE FUTURE 


\ DW VY : / RAINWATER COLLECTOR 
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‘SATELLITE TV DISH 


CONTROL PANEL 
AND COMPUTER 
KITCHEN 


The cutaway illustration shows con- 
struction materials and home-automa- 
tion features. The red line is the inte- 
grated wiring cable—combining video, 
telephone, data, and other lines— 
housed in wall and floor ducts. 


LIVING ROOM 


GARDEN ENCLOSURE 


partment, turns off the gas, takes the 
elevator to the ground, and unlocks 
and shuts all doors,” says Titulaer. 
“For security as well as fire protec- 
tion, the central computer monitors 
all doors, and knows if they’re locked 
or not and who has used them.” 
Another stand-alone system is the 
prototype “intelligent” fuel indicator. 
“This unit monitors instantaneous 
and daily gas consumption, records 
the times when each room is occu- 
pied, and registers indoor and outdoor 
temperatures. By combining these fac- 
tors, the unit is able to give practical 
advice on how to reduce the fuel bill,” 
Titulaer says. Its advice appears as 
bar graphs on a liquid-crystal display. 
The promise of most home-automa- 
tion schemes is that all appliances 
that use electricity can talk to each 
other. The House of the Future takes 
many steps in that direction. There 
are some 60 miles of wiring in the 
house. A single multi-conductor cable 


64 | POPULAR SCIENCE SEPTEMBER 1990 


includes twisted-pair copper wires for 
telephone, computer data, and video 
distribution, plus dedicated conduc- 
tors to carry the control and commu- 
nication signals that automate the 
house. Copper and steel wire braid- 
ing blocks electromagnetic interfer- 
ence between carriers, and a polyvinyl 
chloride sheath holds and protects 
the bundle. Electricity is distributed 
by a separate cable. 

“The wiring is concealed in special 
ducts in the walls and under the floors; 
at the junction boxes any appliance 
can be plugged in,” says Titulaer. 

As in the United States and Japan, 
coalitions of companies and utilities 
in Europe are developing standards 
for integrated home automation. The 
broadest-based effort in Europe is the 
ESPRIT II Home Systems Project. 
The standards, not in final form, are 
to be demonstrated later this year in 
the Dutch House of the Future. Inno- 
vative wiring anticipates that change. 


There are no switches in the house. 
“Everything is remote-controlled,” 
says Titulaer as he pulls a key pad 
with seven buttons from his pocket. 
The key pad, available now as part of 
Philips Infrared Control System IFS, 
is pointed at infrared sensors in the 
ceilings to issue remote commands. 
“It produces ninety-eight command 
signals—seven for each infrared re- 
ceiver,” says Titulaer. 

“Some functions are controlled by 
spoken commands,” adds Titulaer. To 
vent the bathroom, for example, the 
roof panels open by voice command. 

The house's utilities and energy 
sources reflect the environmental 
concern that is another theme of the 
project. On the roof, for example, a 
funnel-like structure collects rainwa- 
ter, which is sent to a holding tank. 
“The water is used for flushing the 
toilet and watering the garden,” Ti- 
tulaer says. “That reduces the need 
for costly drinking-quality water.” 

A solar boiler heats washing and 
bath water, and a row of photovoltaic 
panels collects solar energy to charge 
batteries for emergency power. 

An experimental high-yield gas 
furnace supplies central heating. “An 
oxygen sensor in the flue helps give 
fuel-to-heat conversion efficiency of 
ninety-two percent,” explains Titu- 
laer. “Similar to the Bosch Lambda 
sensor used in car-emission-control 
systems, it regulates the air-fuel mix- 
ture in a closed-loop circuit for opti- 
mized combustion and lean burn.” 

Gas, electricity, and water meters 
are integrated in a prototype unit 
that lets utilities monitor consump- 
tion via telephone links or by sending 
and receiving signals over the electric 
grid. Also, the incoming supplies can 
be turned off from anywhere in the 
house for safety. 

As I tour the house with Titulaer, I 
find that the advances in building 
materials and techniques are as im- 
pressive as the electronics. 

The living room’s focal point is a 
16.4-by-6.5-foot fireplace, with a mir- 
ror-backed triangular hearth contain- 
ing a gas flame in a bed of synthetic 
coal surrounded by water. "It symboliz- 
es three basic elements of nature— 
earth, fire, and water,” Titulaer says. 

Nearby is a marble wall section 
alongside a huge picture window. 
Daylight shines through the marble, 
revealing its grain. "That slab is only 
one-third of an inch thick. It shows 
the effects you can create with differ- 
ent materials," Titulaer comments. 
The slab was cut in Thailand with a 
diamond-tipped circular-saw blade. 

Another visual effect: "With an ex- 
perimental wall paint that changes 


with lighting, you can alter the color 
to suit your mood,” says Titulaer. He 
taps his key pad and the walls go 
from pale green to yellow. The paint 
contains the usual coloring pigments 
blended with special fluorescent pig- 
ments, he explains. He turns on ultra- 
violet lights to make the color shift. 
Looking down, I notice the living 
room’s floor tiles. "They're a special 
diamond-hard ceramic," says Titu- 
laer. “You won't find a scratch—even 
though many people have visited the 
house." The tiles, called Mosa Ultra- 
gres, are sold by a Dutch company. 


The adjoining kitchen is built 
around a column that's a work and 
information center. "This complete 
kitchen package will be on the mar- 
ket in a few years," Titulaer says. 
Three counters radiate from the col- 
umn. The cooking counter has a stove 
with four halogen burners and sepa- 
rate smoking, steaming, and mi- 
crowave ovens. The second counter 
has a sink and dishwasher. The third 
is topped with wood for use as an in- 
formal dining area, supplementing 
the fancier circular glass-enclosed 
dining room next to the kitchen. For 


recycling, separate trash chutes han- 
dle organic waste, paper, and glass. 
Unexpected touches abound: Sili- 
con-carbide ceramic knives, made by 
Kyocera, never need sharpening. A 
conveyer carries meals from the kitch- 
en to a cube-shaped glass solarium 
in an ornamental pond outside. 
[Continued on page 102) 


An intruder's path con be traced on the security 
board (above). Bathroom roof panels open hy- 
dravlically (left). In the kitchen a central column 
houses a refrigerator, freezer, storage, and a 
computer that gives recipes—on screen or by 
synthesized voice. Living microorganisms added 
to the mirror in the silvering process create 


slowly shifting mottling. 
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ative New Yorkers are seldom surprised 
by anything. If Lady Godiva had trotted 
down Park Avenue atop her stallion, 
blasé Manhattanites probably wouldn't 
have batted an eyelash. Yet David 
Williams, a young, well-dressed 
Colorado businessman, spun the heads 
of cab drivers as he took aim with what 
appeared to be “The Death Ray That Attacked New York 
City.” 

Williams recently visited the POPULAR SCIENCE editorial 
offices to demonstrate the newest high-technology weap- 
on intended for use on an old battleground. Williams, 
president of Laser Technology of Littleton, Colo., was tak- 
ing aim on the rush-hour stream of yellow cabs with his 
company’s LTI 20-20 Laser Speed Gun. It is but one of the 
new weapons that may soon tilt the odds in favor of en- 
forcers in that classic highway combat: police versus 
speeders. 

The day of the ticket-happy motorcycle cop hiding be- 
hind a billboard—or even pointing a radar gun—waiting 
for an unsuspecting speeder to rocket by is gone. Now the 
police are armed with powerful enforcement tools. One 
little-understood but long-proven technology called VAS- 
CAR has made the rounds for more than two decades, but 
it has yet to be beaten by scofflaws (see box, VASCAR: 
Simple Yet Effective Tool) The latest high-tech weapons 
in the traffic cops' arsenal also include radar-detector 
interceptors and roadside photo-radar systems. The new 
hardware is sophisticated, difficult to circumvent (even if 
you wanted to), and all but foolproof. 

Take photo-radar speed-detecting hardware. Used for 
years in Europe, it has been refined and is now available 
in the United States. It works like this: A tripod-mounted 
device at the side of the road uses radar to measure the 
speed of cars in the traffic stream. When a velocity 
reading exceeding some internal setting is measured, a 
camera snaps a photograph, which documents not only 
the crime in progress but also the following: the per- 
petrator's speed, the date, time of day, and codes for both 
the location and the police officer operating the equip- 
ment. In a successful bust, both the face of the driver and 
the car's license plate are visible in the photograph, so 
there's minimal chance of beating this kind of speeding 
ticket. 

David Jackson, marketing director for Traffic Monitor- 
ing Technologies (TMT), a Friendswood, Texas, company 
that markets a photo-radar system called PhotoCop 
(actually a Swiss-made Multanova device), explained the 
enforcement strategy to me. According to Jackson, TMT 
doesn't actually sell this expensive ($80,000) equipment, 
but instead lends it to police agencies in return for a piece 
of the action. Here's how PhotoCop works: 

A police officer sets up and operates the device from 
the back of a station wagon or sport utility truck along a 
Stretch of highway. A 400-watt-second flash is used for 
optimum photo quality with a 70mm Hasselblad camera. 
(To avoid blinding drivers, an orange filter is used at 
night.) 

Once the film is exposed, it's picked up and processed 
for the police by TMT. That agency also sorts out the ac- 
ceptable photographs and searches for the name and ad- 
dress of a speeding vehicle's registered owner. When a 
successful match is made, the police review the evidence 
before a ticket is issued by mail. According to Jackson, the 
success rate is about 70 percent. Glare in the photograph, 
a sun visor blocking the driver's face, and hard-to-find 
registrants are common problems. 

Interestingly enough, Arizona, one of the states where 
PhotoCop is being used, no longer requires front license 
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SPEEDERS 
BEWARE: 


ITSTHE - 


LASER 
COPS 


Traffic cops now have an impressive arsenal 
of high-tech weapons: photo-identification 
systems, guns that measure velocity with 

laser light, and radar-detector detectors. 


By DON SHERMAN 


plates. To combat that problem, a second PhotoCop cam- 
era takes a picture of the rear of the speeder's car. How 
successful is the photo-radar program? Jackson reports 
that about 50,000 citations have been issued since the 
first PhotoCop went into service in Paradise Valley, Ariz. 
He rates PhotoCop’s productivity at 2,000 tickets per 
month. 

The potential is far greater. For example, a 1988 24- 
hour study conducted by the Federal Highway Admin- 
istration on Washington, D.C.’s Capital Beltway reported 
that 28,500 drivers (out of a total of 65,850) exceeded the 
65-mph speed limit. Already the police in Paradise Valley 
attribute a 40 percent reduction in the accident rate to the 
use of TMT’s PhotoCop. 

Foiling PhotoCop isn’t easy. Several radar-detector 
manufacturers have made their units sensitive to the mi- 
crowave frequencies used by this machine, but that does 
little good for two reasons: The photo-radar speed gun is 
aimed at a 22-degree angle across the roadway (not in line 
with traffic flow), which cuts down the distance from 
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which a speeder can detect it. Also, its beam radiates a 
minuscule 0.5 milliwatt of microwave energy and produces 
a beam one-half as wide as conventional radar units, ac- 
cording to the company. PhotoCop doesn’t need much ra- 
dar range to work, so it broadcasts little warning of its 
presence. In other words, by the time a detector finds 
PhotoCop, it’s too late. 

So if you have a heavy foot, keep a wary eye out for a 
suspicious-looking Ford Taurus station wagon in or about 
Peoria, Ariz., and for Chevrolet Blazers in Paradise Valley 
and in Pasadena, Calif. Otherwise you may receive a sur- 
prise in the mail. Also, less costly alternative models of 
photo radar devices, using 35mm cameras and operated 
and maintained entirely by your local police department, 
are expected to proliferate soon. 

While photo radar devices are simply an up-to-the- 
minute marriage of two existing technologies, the laser 
speed-detection device is another matter entirely. The 
manufacturer of the gun is Laser Technology, a company 
with experience in supplying the military with laser- 
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| Exceed the posted limit оз you drive post this ominous device ond 
its radar circuits will trigger the camera’s shutter. A few days 
later the evidence (inset) and a summons will arrive in the mail. 
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based distance-measuring equip- 
ment. One of the company’s laser 
ranging devices is used by the Air 
Force to keep close-flying aircraft 
from colliding- during aerial re- 
fueling, among other applications. 

For competitive reasons Laser 
Technology president David Williams 
was willing to reveal little about the 
technical details of the device, but he 
did disclose this much: The LTI 20-20 
Laser Speed Gun uses invisible laser 
light to measure the range from the 
gun to a target object and calculate 
the target's speed (see box). The 4.5- 
pound device uses a battery-powered 
laser to transmit and a photocell to 
receive the reflected beam. 


olice who have tested this gun 
are impressed by its superiority 
over radar in terms of target- 
identification capability, says Wil- 
liams. He claims one-mph accuracy, 
and he told me that the Colorado 


State Patrol is already testing pilot-production Laser 
Speed Gun units. More than 70 police agencies—several 
in foreign countries—have expressed interest in this 
device, so it may well be in use this summer. And unfor- 
tunately for speeders there is, as yet, no device that can 


detect the Laser Speed Gun's beam. 


On the other hand, industry experts estimate that there 
are now 10 million radar detectors in use; about 2 million 


A laser-based speed detector sends ovt an invisible beam to snare speed-limit violators. 


are sold each year. They are by far the most popular elec- 
tronic countermeasure to radar speed detectors. For 
between $100 and $400, any driver can purchase an 
instrument-panel-mounted device, which will greatly 
reduce the likelihood of a speeding ticket, deserved or not. 


Nine major manufacturers now offer an array of radar 


VASCAR: SIMPLE YET EFFECTIVE TOOL 


The mere mention of the word VASCAR can 
send chills up a hard-core speeder's spine. 
Some believe it is radar-based; others think 
it operates on the Coriolis effect. Habitual 
speeders fear this equipment more than 
unmarked patrol cars. VASCAR is not a 
technologically advanced speed-enforce- 
ment tool. In fact, invented in 1965, it is one 
of the oldest such devices on the market. 
Though it is widely used and known, it is 
almost universally misunderstood. 

VASCAR is an acronym for Visual Aver- 
age Speed Computer and Recorder. That, 
in fact, pretty much sums up how this device 
works. It is merely a calculator that deter- 
mines a target car's speed from two simple 
factors: time and distance. No radar or as- 
trophysics is involved. 

With VASCAR, a police officer uses two 
toggle switches to "clock" a car: One to start 
and stop a distance measurement, the other 
begins and ends the time measurement. 
The time base is intemal, while a sensor con- 
nected to the patrol car’s speedometer cable 
supplies distance information. 

In essence, the officer uses the patrol car 
to measure the length of his speed trap, 
which is often nothing more than a span of 
roadway between two overpasses. Then, by 
flipping the time switch twice, he determines 
how long it takes a target car to cover the 
length of that speed trap. An internal calcu- 
lator does the math and displays the aver- 
age speed on an LED readout. 

VASCAR is a simple yet versatile device 


that can be used sitting still or while moving 
to clock traffic in both directions. The patrol 
car can be positioned behind, ahead of, or 
even perpendicular to the target vehicle. 
Despite the fact that VASCAR is not high- 
tech, it is still a powerful weapon because 
common countermeasures are ineffective 
against it. 

But it's not perfect. Four years ago, an IBM 
electrical engineer by the name of Kenneth 
Moore got a speeding ticket near his home 
in Manassas, Va. The police officer used 
VASCAR to back up the citation. Moore is in 
the error-analysis business (studying mili- 
tary sonar systems used for estimating tar- 
get speed, range, and direction), so out of 
curiosity, he applied his analytical skills to 
VASCAR. What he found is that, as of 1987, 
there had been no valid engineering tests to 
support the manufacturer's claim of plus-or- 
minus one-percent accuracy for the system. 
Furthermore, his own worst-case analysis 
revealed that "errors are shown to be as 
much as twenty-five percent of the true speed 
for particular clocking scenarios." 

Moore's findings, entitled “An Error Analy- 
sis of VASCAR-PLUS,” may be purchased 
for $25 from Jag Engineering (Box 1727, 
Manassas, Va. 22110). This material isn't 
exactly spellbinding, but it appears to be 
thorough (55 pages of text and graphs). And 
the conclusions are alarming to say the 
least. If you are fighting a VASCAR arrest 
and need help, this publication might just tip 
the scales of justice in your favor.—D. S. 
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detectors in what has become a $200-million-per-year 
industry. The technology leader is Cincinnati Microwave 


Inc., a company that was started by 
three bright engineers in their 
basement only 13 years ago. All 
radar detectors are, in essence, 
sophisticated radio receivers, sniff- 
ing the air for the microwaves 
emitted by a police radar unit. Sen- 
sitivity, the ability to provide an 
early warning, and selectivity, the 
ability to distinguish a genuine 
threat from a false alarm due to 
burglar alarms and automatic door 
openers that use the same fre- 
quencies, are critical. Manufactur- 
ers also are striving to make their 
units smaller, easier to attach to a 
car, and more difficult to steal. To- 
ward this end, CMI recently scored 
a major technological triumph with 
the introduction of Solo—a self- 
powered radar detector. Solo comes 
in a tiny package and weighs 5.5 
ounces, yet it's a marvel of modern 
electronics. Packed tightly within a 
die-cast magnesium case that acts 
as an antenna are eight multilevel 
circuit boards, one flexible inter- 
connection strip, and a handful of 
surface-mount electric components, 
some of which are no larger than 
flyspecks. During a tour of CMI's 
manufacturing facilities, Paul 
Allen, the company's marketing ex- 
pert, explained that the $345 Solo 
uses two percent of the power of 
conventional radar detectors. 

To maximize battery life, Solo 


JOHN B. CARNETT 


uses several CMOS-type custom 
integrated circuits, a special surface 
acoustic wave filter device, and a 
varactor-tuned gallium arsenide 
field-effect-transistor design for the 
radio receiver section. The power supply 
uses pulse-modulated switching in 
the interests of efficiency. 

Potentially a greater advance is CMI's 
redesigned Escort detector that uses 
digital signal processing. The unit 
takes a radar sampling 50,000 times 
a second, digitizing each signal before 
analyzing it. The device costs $295. 


factures a device it calls the VG-2. In 
essence the unit is a radar-detector 
detector: a small black box that sits 
on the instrument panel of a patrol 
car and sniffs out those who are 
using radar detectors where they 
shouldn't be. Robert Riel, sales vice 
president of Technisonic, refused to 
answer any of my inquiries about the 
VG-2. So I discussed the device with 
provincial police and others who have 
witnessed it in action. 

The VG-2 works by monitoring ra- 
dio waves for the 11.5-gigahertz mi- 
crowave energy that is naturally 


BILL VISNIC 


ven though radar detectors are transmitted by the local oscillator of 
common among many high- The Technisonic VG-2 (above) sniffs out radar any superheterodyne radar detector. 
speed commuters, the use of detectors by intercepting microwave signals. When it senses these microwaves, it 


radar detectors is forbidden in 
Connecticut, Virginia, the District of Columbia, and in 
seven of the 12 Canadian provinces. Canada seems 
especially eager to search out and destroy the speeder's 
favorite electronic countermeasure. Each year, Quebec's 
provincial police officers crush and burn thousands of 
confiscated radar detectors. 

To aid the enforcement of anti-detector laws, Techni- 
sonic Industries Ltd. in Missasauga, Ontario, manu- 


sounds an alarm and lights up a green 
LED signal-strength meter. With this warning, an officer 
simply watches and waits for the signal to rise, peak, and 
suddenly diminish, a pattern that indicates the detector- 
packing perpetrator has just passed his patrol car. 

Out of curiosity, CMI built a detector interceptor in its 
laboratory. With it, *noisy" detectors were readily sniffed 
out two miles away. CMI's own Passport had to be within 

Continued on page 104 


ENFORCEMENT BY ELECTRONICS: HOW IT WORKS 


While air-traffic controllers use radar (an 
acronym for RAdio Detection And Ranging) 
to locate planes, the police employ similar 
technology to document how fast a car is 
traveling down the road. The principle is 
simple: The speed gun's antenna transmits 
a microwave signal at the target vehicle, 
which reflects a portion of the wave back 
(top). If both cars are moving at the same 
speed, the reflected wave will be the same 
frequency as the transmitted signal. 

But if the target car is moving relative to 
the police cruiser, it will bounce waves back 
at a slightly different frequency: higher if the 
target car is approaching, lower if the car is 
receding. This is called the Doppler effect, 
and it is most familiar to people as that ap- 
parent shift in pitch (sound frequency) of an 
ambulance siren heard as it comes toward 
you, then passes and moves away. The car's 
speed can be accurately determined by 
comparing the transmitted frequency of the 
outgoing beam with its faint echo. 

Because the microwave beam can be 
more than 200 feet wide at a distance of 
2,000 feet—enough to cover several high- 
way lanes—there is often some question as 
to which vehicle in a group is the one ac- 
tually speeding. By contrast, a laser beam 
(laser stands for Light Amplification by 
Stimulated Emission of Radiation) will form 
only a 5';-foot spot at a range of 2,000 feet 
(bottom) and can be aimed directly at the 
car in question. The Laser Speed Gun uses 
a gun sight to target its invisible beam of 
light on a specific car and every three mil- 
liseconds calculates how far away the of- 
fending car is based on the time it takes the 
beam of light to make a round trip. Speed is 
determined by dividing the change in dis- 
tance by the elapsed time between read- 
ings.—Brian Nadel 
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COMMANDING 
CALIFORNIA'S 
WAR ON SMOG 
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Gas-powered vehicles, barbecue lighter 
fluid, house paints— these are just a few of 
Jim Lents’s targets for reducing Southern 
California’s infamous air pollution. 


By RICHARD MARINI 


ts 7 a.m. and Jim Lents slowly folds his six-foot six- 
inch frame into the passenger seat of a small rental 
car. The man responsible for cleaning up Southern Cal- 
ifornia’s notoriously foul air, Lents usually car-pools to 
work in a methanol-powered minivan. But this morn- 
ing, to do an interview with POPULAR SCIENCE, he's 
made an exception. 

As executive officer of the South Coast Air Quality 
Management District (AQMD), James Marcellus Lents 
has devised a tough plan for clearing the air in the 
heavily polluted Los Angeles basin. The Air Quality 
Management Plan “is our twenty-year road map to clean 
air," says Lents. If all goes according to plan, by the year 
2010 basin residents could be breathing air that conforms 
to even the harsh aspects of the Clean Air Act that Con- 
gress is currently debating. 

If nothing is done, the area could remain the most 
polluted in the nation. Two pollutants—ozone and fine 
particulates—would continue at choking levels. Ozone—the 
highly reactive form of oxygen that contributes to smog 
and reduces lung capacity—would stay at about 2% times 
the federal standard of 0.12 parts per million. As well, 
particulates of less than 10 microns in diameter, which have 
been implicated in respiratory disease, are estimated to 
remain at more than double the federal standard of 50 
micrograms per cubic meter. 

At 46, Lents is a rangy man with thick features, an 
intense demeanor, and an ardent belief that the battle for 
clean air is worth it. He uses both the carrot and stick 
approach. For instance, at the District’s El Monte offices, 
he instituted a program that rewards employees who car- 
pool or ride mass transit to work with a bonus of up to 
$65 per month. Extending the success in his office to the 
region, Lents says, “By the summer of 1991, every business 
with more than one hundred employees is required to 
institute car-pooling." Fines of up to $25,000 a day could 
be levied. 

Forty-five volumes and 5,500 pages in length, the Lents 
plan stands a full three feet tall. Many think it is the first 
serious attempt to bring the region's lung-searing smog 
under control. Its three-tiered schedule of increasingly 
strict regulations relies on technological advances to meet 
the goals by 2007. Ultimately the Lents plan could be a 
dress rehearsal for clearing the air in other smog- 
shrouded metropolitan centers. 

The first tier, currently under way, not only targets the 
usual air pollution suspects—automobiles, utilities, and 
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oil refineries—it also limits or outlaws some seemingly 
innocent sources of the organic vapors that form smog, 
such as paints and finishes, dry cleaning chemicals, 
aerosol sprays, bakery exhaust, and fast food drive- 
through windows. “These may seem unimportant,” says 
Lents, “but when you have millions of people doing 
something, it adds up.” He notes that paint and solvent 
vapors contribute 19 times more pollutants than all the 
oil refineries in the basin combined. 


dustry will be products that release less volatile sol- 

vents, systems to contain and recycle vapors, and the 
use of highly efficient methods to apply a finish. By 
adopting these presently available technologies, the 
painting industry will release 219 tons less smog-forming 
reactive organic vapors to the air per day. All told, Tier I 
calls for reductions of 617 tons a day of reactive vapors 
through such actions as better vapor containment sys- 
tems on cars and at gas stations. Other pollutants 
targeted by the plan’s first phase include nitrogen oxides, 
sulfur oxides, and carbon monoxide. 

The second tier, which takes the plan to the turn of the 
century, envisions implementation of technologies cur- 
rently “on the horizon.” The plan calls for the use of 
electrostatic spray guns that rely on electric charge to 
coat a surface, ultra-efficient robotic painting, and 
ultraviolet or catalytic curable paints that use no organic 
solvents, Lents believes that technological advances like 
these over the next decade will be required to bail the 
basin out of its smog problem. 

For example, the plan calls for conversion of 40 percent 
of passenger vehicles, 70 percent of trucks, and all buses 
to run on “low-emitting” clean fuels, such as methanol, which 
reduces emissions of hydrocarbons, nitrogen oxides, and 
carbon monoxide. Lents and AQMD are committed to 
clean-fueled vehicles [“Clean-Air Fuels,” Jan.] as a bridge 
between today’s petroleum-based transportation system 
and the next century’s electric vehicles. At least 36 meth- 
anol-fueled buses are traveling the streets of Southern 
California; during the past seven years, 550 methanol- 
powered cars have logged a total of 21 million miles in 
California; and 150 Ford Crown Victoria FFVs (flexible- 
fueled vehicles) were also recently put into service. 

These cars have been adapted to run on just about any 
combination of methanol, ethanol, and gasoline. The fuel 
systems contain a sensor that “reads” the fuel’s makeup 
and adjusts the ignition process. But methanol is a poi- 
son, and smog-forming formaldehyde is a byproduct of 
combustion. Work is already underway to engineer a 
catalytic converter that would destroy this pollutant. 

Another possible clean-air fuel is compressed natural 


T he immediate answer for the valley’s painting in- 


HOW BAD IS THE AIR? 


In 1988 the air over Los Angeles exceeded federal limits on 232 
days. Houston, the second worst city, exceeded them only 30 days 
that year. But by 2010, the L.A. Basin could have the cleanest air of 
any city: 

sin L.A., ozone levels are three times higher than federal limits; the 
plan calls for reductions of ozone to the federal level by the plan's 
conclusion. 

*Carbon monoxide exceeded federal standards 40 days in 1988; 
the plan would lower CO levels to 25 percent of the standard. 

*Fine particulates levels are routinely exceeded; their level would 
be reduced to 75 percent of the federal level. 

*The L.A. Basin is the only region of the country that fails to meet 
limits for nitrogen dioxide. By 2010, NO levels will be 25 percent of 
the federal standard if the plan is carried out. —R. M. 
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AIR QUALITY NOW 


FEDERAL STANDARD 


PERCENT OF 


gas, although due to the need for heavy and bulky high 
pressure storage tanks and the need for centralized 
refueling stations near a pipeline connection, this appears 
to be a viable option only for fleet use at the moment 
[*Automotive Newsfront," Aug.]. In addition, Orange 
County is testing two buses that are powered by propane 
gas. 

The final element of Lents's plan—Tier III—assumes sig- 
nificant technological advances, such as perfection of elec- 
tric vehicles and pollution-free paints and solvents. Its 
deadline is 2007. Certainly the most controversial target is 
that all passenger cars will be "extremely low-emitting," 
powered by fuel cells, solar energy, or batteries. 

Lents fervently believes that emission-free automobiles 
are not only technologically feasible, but that they'd be 
profitable as well. “It’s not that Americans don't want to 
drive clean cars," he says. "It's just that society lacks the 
will to provide them. What we're trying to do here is 
create the atmosphere that will make the technology 
happen." The District is spurring progress through its 
Technology Advancement Office's five-year $30.4-million 
budget (see box, Clean-Air Innovations to Come). 

If fully implemented, the plan offers a tempting vision 
of Los Angeles at the end of the next decade: Commuters 
happily car-pooling in clean electric-powered vehicles; so- 
lar, wind, and geothermal utility plants dotting the coun- 
tryside, with the lush greens and stark browns of the 
surrounding mountainsides clearly visible against the 
clear blue sky. Visibility from downtown will average 
better than 75 miles, compared with just 16 miles today. 

A wild card in this clean-air game is population growth. 
The 13,350-square-mile AQMD region is expected to grow 
from the current 13 million to 18 million residents by 
2010, three years after the plan's conclusion. These extra 
people will place an even greater burden on the en- 
vironment, potentially overwhelming the plan's progress. 

But Lents has his critics. An Orwellian nightmare is 
how L.A. County Supervisor and AQMD board member 
Michael Antonovich characterizes the plan. He charges 


CLEAN-AIR INNOVATIONS TO COME 


Los Angeles has long been a hotbed for 
social as well as technological change. In 
addition to the AQMD, the federal and local 
governments, universities, utilities, and pri- 
vate corporations are involved in identifying, 
developing, and promoting technological in- 
novations to help clean Southern California's 
air. Some of the more promising projects 
include: 

*Fuel Cell/Battery Combination. Sometime 
within the next two years, mass transit riders 
in California and Washington, D.C. may hop 
aboard one of three experimental buses 
powered by a methanol-fueled phosphoric 
acid fuel cell and a nickel-cadmium battery 
working in tandem. The system, cospon- 
sored by AQMD, the Department of Energy, 
and the Department of Transportation, will 
work like this: Cruising along at 30 to 50 
mph, the bus is powered by the fuel cell. The 
battery kicks to provide peak power during 
acceleration or when going uphill. And when 
the bus is idling or going downhill, the fuel 
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cell recharges the battery. The fuel 
cell/battery combination is expected to be 
twice as efficient as a diesel engine with far 
less carbon dioxide emissions and virtually 
none of the nitrogen oxides or particulate 
matter emissions. 

*Electrified Roadway. In this $2-million 
demonstration project, funded by Southern 
California Edison and the Los Angeles De- 
partment of Water and Power [Automotive 
Newsfront," Aug.], cables are embedded in a 
1,000-foot section of roadway. When 
electrified, the cables produce a magnetic 
field at the road's surface, which is converted 
back to electricity by specially adapted 
vehicles. Electricity from the highway will 
also recharge small batteries contained 
within the vehicle. These batteries, in turn, 
will be used for power between electrified 
segments of the roadway. A 1,000-foot 
segment of roadway and two electric vans 
are being prepared as a demonstration of 


the technology. 


*Circuit Board Cleaners. The electronics 
industry uses chlorofluorocarbons (CFCs) to 
clean acidic compounds, known as fluxes, 
from soldered circuit boards. But CFCs are 
suspected of harming the ozone layer 
['Ozone-Friendly Cooling," July]. In this 
project, cosponsored by AQMD and Hughes 
Aircraft, the circuit board is placed in a 
sealed vessel, which is then injected with 
highly pressurized, semi-liquid carbon 
dioxide. After removing the flux residues, the 
CO»? is withdrawn from the vessel, purified, 


гапа recycled. 


*Vernonia Oil. Derived from the seed of a 
common weed found primarily in Africa, 
Vernonia oil is a promising solvent for some 
architectural coatings. Paints containing 
Vernonia oil, for example, emit fewer smog- 
producing volatile organic compounds and 
are more resistant to both weather and 
sunlight. Vernonia oil is also being tested as 
a strengthener in commercial epoxy resins 
and polyvinylchloride.—F. M. 


that "arbitrary" regulations will wreck the local economy 

by forcing a mass exodus of industry. Antonovich's 

а hyperbolic warning, “Use a barbecue, go to jail!” has be- 
` come a rallying cry for anti-plan forces. 

à Lents scoffs at such criticism. He contends that 


Y > the plan is realistic and offers as many op- 


portunities as challenges. And nowhere, he 


material. 


says, does the plan mention banning bar- 
becues. *We're only outlawing liquid lighter 
fluid because it contributes to smog when it 
vaporizes.” Charcoal chimneys and electric 
starters not only don’t release smog-forming 
organic vapors into the atmosphere, they also 
light faster. 
As an example of industry rising to the oc- 
casion, Lents commends petroleum refiners for 
their introduction of reformulated gasolines that 
burn cleaner. Also, he contends that pump bottles 
and roll-on deodorants can painlessly replace aero- 
sol sprays (that use a hydrocarbon propellant that 
can add to smog) and that water-based paints and 
more efficient spray systems might save furniture 
manufacturers money in the long гип by wasting less 


The issue becomes further clouded by the bar- 
rage of statistics each side has hurled at the other. 
The AQMD, for example, says the plan will cost 
about $2.6 billion per year, or 60 cents per person 
per day over its two-decade life. On the other 
hand, the business-oriented California Council for 
Environmental and Economic Balance estimates the 
costs of the plan will be nearly five times higher, at 
$12.8 billion, with anywhere from 50,000 to 350,000 
people being put out of work. 

“There are going to be a lot of people standing on 
unemployment lines breathing clean air,” says Gary 
Stafford, former president of the Western Furniture 


Manufacturers Association, one of the first industries 
expected to be hit with tough emissions regulations. 


While Lents concedes fewer jobs may be created because 


of the plan’s restrictions, he adds that those losses will be 
offset by lower health-care costs. By reducing ozone and 


[Continued on page 100] 
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ACTIVE SUSPENSION 
TEST DRIVE: 


RIDING ON 
LECTRON 


By using microcomputers to control fast- 
responding hydraulic systems, new suspen- 
sions will take control of bumpy roads 
rather than simply reacting to them. 


By DON SHERMAN 


he Nissan proving grounds 

at Tochigi, Japan, have a par- 

ticularly challenging set of 

pavement heaves that are 

thoughtfully positioned in 

the middle of ahigh-speed 

turn. Entering this bumpy 

left-hander at 60 mph in 

the normally well-composed Infiniti 

Q45, I had to fight to maintain con- 

trol as the waviness in the pavement 

first bottomed the front suspension, 

then caused the whole car to bound 

into the air. Each end of the Q45 took 

a turn relinquishing its grip with the 

road, and my arms were a blur trying 

to keep up with necessary steering 
adjustments. 

No such trauma befell the next car I 

took through this curve, the Infiniti 
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division's flagship Q45 equipped with 
an active suspension that goes on sale 
in the United States this fall. In fact, 
this car was made to manage just this 
sort of stressful situation. The 4,100- 
pound active Infiniti tracked through 
the corner with aplomb. All four cor- 
ners of the suspension worked over- 
time, and the Q45’s body rocked and 
rolled a bit, but the tires held firm. 

Chalk one up to active suspension, 
a complex system of electronic sen- 
sors, microprocessors, pumps, and hy- 
draulic actuators at last far enough 
along in the development process to 
replace the functions of conventional 
springs and shock absorbers. When 
the Infiniti system lands here, it will 
cost an extra $5,000 to $6,000. (The 
exact price hasn’t been set.) 


To describe the function of active 
suspension, Nissan engineers use an 
interesting concept called skyhook 
damper control. While the term is 
somewhat tongue-in-cheek, it does ex- 
press the goal of active suspension— 
to isolate the car’s passengers from 
the bumps and jolts of the road below. 
While this is more or less the goal of 
every suspension system, so-called ac- 
tive suspensions do conventional sys- 
tems one better by adding energy to 
the system timed to act when it will 
do the most good. As a wheel rolls 
over a bump in the road, hydraulic 
pressure is released from the suspen- 
sion actuator at that corner of the car, 
permitting that wheel’s suspension to 
rise—without disturbing the body. As 
the wheel falls into a depression, hy- 
draulic pressure forces the actuator to 
move the suspension in the rebound 
direction while holding the body flat 
and level. 

In a conventional car, the springs 
and dampers that regulate suspen- 
sion movements are anchored to the 
car body, causing disruptive forces to 
be transmitted into the passenger's 
domain. With active suspension, the 
body of the car is held at a stable posi- 
tion with respect to the ground. The 
damping forces generated by the elec- 
tronically regulated hydraulic suspen- 
sion quell motion of the body regard- 
less of inputs from the road surface. 

Japanese customers have already 
had the chance to buy this leading- 
edge system (90 percent of Infiniti 
Q45 buyers in Japan are doing so), 
and Toyota has also joined the short 
list of active-suspension producers by 
building a special run of 300 Celica 
Active Sports models. 


active suspension suffers from a 

vague label. Га prefer the more 
general descriptions—intelligent sus- 
pension or smart suspension. To shed 
some light on the subject, Toshiharu 
Takahashi, the engineer who heads up 
Nissan’s active-suspension program, 
defines this new way to attach the 
wheels to the car as “a system that 
has a power source that provides a 
constant supply of energy for control- 
ling vehicle motion continuously.” 

To do its job, the active suspension 
system uses both electronic and hy- 
draulic components. The hydraulic 
system is composed of an oil pump, 
several hydraulic oil-pressure accu- 
mulators, a multivalve unit, two 
pressure-control units, and four hy- 
draulic actuators (see drawing). The 
electronic hardware is made up of 
two microcomputers, six accelerome- 
ters, four height sensors, and four 
electromagnetic control valves. 


{= many emerging technologies, 


The oil pump provides the constant 
supply of hydraulic energy that, ac- 
cording to Takahashi, makes this sus- 
pension system truly active. Mounted 
in tandem with the power-steering 
pump and driven by a belt from the 
crankshaft, the variable-output pump 
circulates four gallons of synthetic oil 
per minute at a maximum pressure of 
1,420 psi. One accumulator is built in- 
to the pump to damp pressure fluctua- 
tions that would otherwise generate 
noise. Two larger accumulators store 
oil pressure for high-flow conditions 
and provide a reserve of hydraulic en- 
ergy that will maintain vehicle height 
when the engine is switched off. 

The multivalve unit is the Grand 
Central Station of the hydraulic sys- 
tem: Pressurized hydraulic oil from 
the pump enters this junction block 
and then exits through one of several 
outlet taps. Inside, a relief valve drops 
supply pressure to the 725-psi system 
operating pressure. There is a check 
valve to ensure one-way flow, a fail- 
safe valve that prevents suspension 
collapse in the event of a breakdown 
in the system, and a flow-control valve 
to eliminate pressure surges during 
start-up. 


egulated oil pressure is routed 

from the multivalve unit to the 

two pressure control units (one 
for each axle). Each houses a pair of 
pressure-control valves (one for each 
wheel). This is where the two systems 
—hydraulic and electronic—meet and 
shake hands to operate the suspen- 
sion hardware. Each pressure-control 
valve is a precision device that re- 
sponds quickly and accurately to in- 
structions from the control computers, 
providing the hydraulic pressures the 
actuators need for exact positioning of 
each wheel. The actuators are hy- 
draulic cylinders similar to those that 
raise hotel elevators. Mounted be- 


zi 
ACTUATOR 


ы} У 
SUB-ACCUMULATOR 


Electronic controls and a hydraulic actuator 
at each wheel replace conventional springs 
and shock absorbers (above) on the active- 
suspension Infiniti 045 (on the track, left). 
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tween the suspension linkage and the 
body at each corner of the car, the ac- 
tuators control the vertical position of 
the wheel-and-tire assemblies. A sub- 
accumulator is mounted and plumbed 
to each actuator. 

The brains of the active-suspension 
system are housed within the two 16- 
bit microcomputers that keep track of 
dynamic information. The eyes and 
ears are the system’s sensors: Two ac- 
celerometers mounted on the drive- 
shaft tunnel relate lateral (cornering) 
g forces. Another sensor conveys fore- 
and-aft (braking and accelerating) g’s. 
There are three more accelerometers 
positioned at different points about 
the body to report vertical gs, and a 
height sensor is mounted to each 
wheel's suspension linkage. 


oyota uses a remarkably simi- 

lar layout in the Celica Active 

Sports. Contrary to Nissan’s ap- 
proach, however, the Celica’s actua- 
tors are designed to provide some in- 
ternal damping. The Celica uses but 
one accelerometer, a multidirectional 
device that provides both longitudi- 
nal- and lateral-g information (but no 
vertical-g data). The Toyota’s micro- 
processor is also fed steering-wheel- 
angle information not used by Nissan. 

Neither Nissan nor Toyota has com- 
pletely abandoned the use of conven- 
tional springs with their new active 
suspensions. The hydraulic actuators 
work in parallel with coil springs 
that, in the Q45's case, are half as stiff 
as normal springs. The springs help 
support the static weight of the car, 
reducing the required power draw of 
the hydraulic system by some seven 
horsepower. They also maintain ride 
height in the event of an active sys- 
tem’s failure. 

It’s important to note that the hy- 
draulic actuators used by both Nissan 
and Toyota are one-way acting. Hy- 
draulic pressure forces them to ex- 
tend, raising the car or pushing the 
wheel downward to fill a hole in the 
road. Lotus, General Motors, Volvo, 
and others have experimented with 
two-way actuators that also use hy- 
draulic pressure in the jounce direc- 
tion so they can raise not only the en- 
tire car, but also each wheel. Lotus, 
one of active suspension’s biggest 
boosters during the 1980s (building on 
Westinghouse experimentation con- 
ducted during the 1960s), insists that 
two-way actuators are essential com- 
ponents in a genuine active suspen- 
sion. (POPULAR SCIENCE first covered 
active suspension in July 1986, when 
Detroit Editor Dan McCosh drove a 
Volvo equipped with an experimental 
Lotus-developed system.) 

The greatest advantage to an active 
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Sensors inform the computer of car and road conditions, while valves regulate distribution of high-pres- 
sure oil from the engine-driven pump to hydraulic actuators at each comer of the car. 


suspension is the opportunity to elimi- 
nate, or at least minimize, the number 
of compromises in handling versus 
ride quality inherent in a convention- 
al suspension system. When a car 
with springs and shock absorbers en- 
counters a sinusoidal-shaped wave in 
the pavement, the suspension can act 
as a motion amplifier: A one-inch ir- 
regularity can induce three inches of 
bouncing motion in the car's body. The 
soft suspension settings used to en- 
sure a smooth ride can cause other 
problems: pitch during braking and 
acceleration, body roll in corners, and 
a queasy feeling over low-frequency 
pavement waves. 

At least in theory, an active suspen- 
sion doesn't transmit forces from the 
wheels and tires into the car's body. In 
the ideal case, the suspension works 
furiously, cycling up and down over 
severe bumps while the body stays 
serenely level. During hard cornering, 
flat-out acceleration, or emergency 
braking, the actively suspended auto- 
mobile is poised and stable. 

In the real world, some of these de- 
sirable traits are achievable, while 
others are not. During test drives, I 
found that body roll and pitch motions 
were well managed by both the In- 
finiti Q45 and the Toyota Celica active 
systems. Nissan engineers chose to 
provide some body roll during corner- 
ing to provide feedback to the driver 
as a warning that the limit of adhe- 
sion is fast approaching. 

Handling characteristics are anoth- 


er function that can be programmed 
into an active suspension with relative 
ease. In a conventional car, the hard- 
ware is fixed (except for adjustable 
shock absorbers)—hard, soft, or some- 
where in between, depending on the 
tuner's whims. In an active car, the 
control computer can custom tailor 
suspension behavior to suit road con- 
ditions and driver taste. By assigning 
most of the roll resistance to the rear 
axle, neutral steering characteristics 
can be achieved, even in a distinctly 
front-heavy car. Some understeer is 
desirable as the car's speed increases, 
so the computer simply shifts the roll- 
resistance responsibility toward the 
front axle. 


anaging the motion of the 

body over sections of wavy as- 

phalt is relatively easy be- 
cause it rocks and rolls on its suspen- 
sion at comparatively low frequencies, 
typically about one cycle per second 
(cps). According to Takahashi, the 
Q45 responds actively to inputs rang- 
ing from zero to three cps. The limita- 
tion is largely due to flow capacity: 
Higher frequencies require larger hy- ` 
draulic lines, control passages, accu- 
mulators, and supply pumps. 

But a displaced expansion joint or a 
sharp-edged pothole smacks a car's 
suspension with a high-frequency im- 
pact that is far more difficult to deal 
with. In typical use, suspensions must 
accommodate input frequencies rang- 
ing from 0 to more than 100 cps. Lotus 


has built systems capable of respond- 
ing actively to inputs ranging from 
0 to 20 cps. That hardware is heavy 
(in some applications weighing 300 
pounds), power hungry, and, so far at 
least, too expensive and unreliable for 
mass production. On the Infiniti Q45, 
the active suspension option inflicts a 
130-pound weight penalty. At 3,000 
rpm, the Infiniti’s power drain is three 
hp; at 6,000 rpm it increases to six hp. 
Significantly, an active suspension’s 
constant power drain will extract a 1.5- 
mpg fuel economy penalty in the ac- 
tive-equipped Q45, Nissan estimates. 
I compared an active-suspension- 
equipped Q45 with one without this op- 
tion in a smooth medium-speed right- 
hand bend. The conventional Infiniti 
understeered a bit (the nose of the car 
drifting wide) during the first half of 
the corner and demonstrated a near- 
neutral attitude (both ends of the car 
sliding slightly) when I pressed the ac- 
celerator down during the last half of 
the corner. This is exactly how a prop- 
erly tuned sport sedan should behave. 
The active Q45 turned in toward 
the apex of the corner with superb sta- 
bility. Through the middle and exit 
portions of the curve, it demonstrated 
a pronounced tendency to understeer 
no matter what I did with the steering 
wheel and/or the throttle. This I found 
disappointing; the keen edge of a fine- 
handling car has been blunted. 
According to Nissan’s experimenta- 
tion, there’s a 70 percent reduction in 
vibration levels with active suspen- 
sion as long as the ride frequencies are 


below two cps. By Nissan’s own ad- 
mission, between two and three cps, 
the Infiniti’s new ride is marginally 
inferior to other cars in the luxury 
class. And beyond three cps, it re- 
sponds to bumps in the road in a pas- 
sive mode, relying entirely on the sub- 
accumulators at each wheel. Each of 
these is a small self-contained hydro- 
pneumatic suspension unit, similar in 
some respects to the system long used 
by French-built Citroens. In response 
to a sharp road impact, oil flows out 
of the actuator, through a damping 
valve, and into a gas-pressurized res- 
ervoir. Over moderately bad pave- 
ment at Tochigi, I found that an active 
suspension does deliver a slightly bet- 
ter ride. But as I increased the car’s 
speed over the same bumps, there 
were instances when the car with a 
conventional suspension actually dem- 
onstrated superior ride isolation. 


t is inevitable that many potential 

customers who hear of the Infini- 

ti’s expensive new computer- 
controlled suspension will expect this 
Q-ship to ride as if their private world 
were paved with whipped cream. 
They will be sorely disappointed. The 
Q45—with or without active suspen- 
sion—is a 150-mph sport sedan with 
underpinnings tuned first and fore- 
most for high-speed over-the-road 
competence. A truckload of comput- 
ers and hydraulic actuators couldn't 
make this car glide over broken pave- 
ment with a magic-carpet ride. 

Later I spent a few hours driving a 


Toyota Celica Active Sports. Within a 
few miles I noticed various annoyanc- 
es: a whir from under the hood that I 
assumed was the hydraulic pump 
hard at work, and rattles from unse- 
cured suspension components. On the 
freeway, ride motions were abysmal. 
Over major bumps, the active Celica 
rocked diagonally like a crazed hobby 
horse. In the safe confines of a hotel 
parking lot, I discovered some bizarre 
handling. In response to a sharp 
steering input at moderate speeds, the 
Celica Active Sports turned smartly 
with virtually no body roll...for a sec- 
ond or two. Then, it felt as if its hy- 
draulic muscles gradually went limp. 
The body heeled over, and the car as- 
sumed a slightly different trajectory. 

In my opinion, this Japanese-mar- 
ket-only suspension system is not suf- 
ficiently developed to satisfy a broad 
base of customers. 

At this juncture, I wouldn't rush out 
to buy active suspension as most of its 
considerable potential is yet to be ex- 
ploited. General Motors' cancellation 
of the active suspension planned for 
the 1991 Corvette underscores these 
difficulties. ^We were in the glide path 
for production," says Don Runkle, vice 
president in charge of General Motors' 
Advanced Engineering Staff. ^We had 
some problems with impact harshness 
and reproduceability, which we are 
working on. Sometimes you get enthu- 
siastic about the promise of a new 
technology, and then some area you 
didn't think about comes back and 
bites you." 05 


ACTIVE SUSPENSION: AN ELECTRIC ALTERNATIVE? 


If frequency response is one of the basic problems with the develop- 
ment of an active suspension, how about high “С”? 

An all-electric approach to powering suspension struts is the re- 
search goal of California-based Aura Systems, which claims to have 
developed an electromagnetic linear actuator capable of generating 
500 or more pounds of thrust and responding at a 500-cycles-per- 
second frequency. It is, in effect, an enlarged version of a speaker 
coil, and Aura demonstrates it by generating sound of reasonable fi- 
delity with a plate attached to one end. 

The Aura strut derives its power from magnets inside a coil. Sets of 
coil windings are energized by a sliding switch similar to an electric 
motor commutator. The construction of the coil is a flat spiral alu- 
minum strip, wound like a child's Slinky toy and insulated by alu- 
minum oxide. The result is a coil with the appearance of a thick- 
walled tube, and the robust construction is one reason the coil can 
handle the power loads. 

Aura claims the device could be used for engine valve actuators, 
power steering motors, or active suspension systems, though the 
company has not yet demonstrated prototypes. As a suspension 
strut, the main advantage would be simplicity and extremely high fre- 
quency response. The power draw would be high, however, although 
power draw at the alternator would be about the same as the pump 
for hydraulically operated struts. 

Although the device's application in a suspension system is strictly 
theoretical at this time, the Aura research explores a significant alter- 
native to the complex hydraulic mechanisms of current active-sus- 
pension designs.—Dan McCosh 


POPULARSCIENCE SEPTEMBER 1990 | 77 


A fresh start 


Walls: India Tan, Trim: Navajo White 


You're putting a lot into making this house your роте. 
Now the decorating decisions are up to you. And you chose 
Tru-Test E-Z Kare interior paint to pull it all together. 

You're off to a beautiful start! 


PUER 


HARDWARE STORES * 


For professional painting advice, call 1-800-922-0061 


THREE TRANSLATIONS 


OF THE FAMILY SEDAN 
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Whether it’s spoken in German, Japanese, 
or English, the expressive vocabulary 
_ of these three sp о! 


о long as there are one- 
car families, there will 
always be conflicts of con- 
science. Mom hankers for 
a Corvette convertible to 
recapture her lost youth, 
but knows it can’t haul 
the kids to 4-H roundups. 
Number-one son craves a Trans Am 
to live out his Mario Andretti fantas- 
ies, but has been told that insurance 
payments would exceed the house 
mortgage. Only ever-sensible dad is 
willing to face reality—something 
with four doors and room enough for 
both parents and offspring is what's 
needed. If it’s got the soul and the 
specifications to become an inspiring 
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back-road ally so much the better. 

That concept—a practical four-door 
family sedan that rises above the du- 
ties of daily routine to become a truly 
competent performer—may well have 
been born among the aristocratic 
brands of Europe. No matter. Now- 
adays every car maker has its own 
slant on what a functional yet ca- 
pable sedan ought to be. From the old 
world, Volkswagen puts forth a spa- 
cious new car called Passat, with 
predictably taut road manners and 
an engaging personality. In the great 
American tradition, Pontiac's Grand 
Am proffers horsepower by the bale- 
ful, thanks to a 180-horsepower ver- 
sion of the Quad Four engine. Japan 


8 CARNETT 


counters with a new generation Acura Integra, 
smooth and refined, never asking for more than 
the lightest fingertip touch at the controls. 

If you need to pigeonhole this trio of notch- 
backs, you might try calling them “minor league 
sport sedans.” The sport credential is earned by 
virtue of each car being equipped with a twin- 
cam 16-valve four and a performance-tuned 
four-wheel independent suspension. What keeps 
them out of the major leagues (thankfully) are 
down-to-earth price tags, all starting in the 
$15,000 range. By comparison, the upper crust 
sport sedans, BMW 535, Saab 9000 Turbo, and 
the like, are twice the price and then some. 

Of all the cars you might shoehorn into 
this class, the Pontiac Grand Am, six years 
old but continually upgraded, is perhaps the 
best-known quantity. The Acura Integra is en- 
tirely new for 1990, but can be expected to carry 
forward all the endearing qualities that Honda 
manages to package within its cars. The Volks- 
wagen Passat, on the other hand, is a tough call. 


mental picture of the homely-but-faithful 

Beetle or the workaday Rabbit. For many 
people, ownership of either model often pro- 
gressed into a cultlike experience, and their at- 
tachment to these utilitarian cars grew to be 
something on the order of a beloved companion 
or an adopted family member. In the long run, 
though, competition from Japan and an evolu- 
tion in automotive tastes has kept VW from suc- 
cessfully graduating upmarket with its Ameri- 
can customers. The honchos in Wolfsburg hope 
to change all that with the Passat. 

The Passat is Volkswagen’s largest car ever, 
and its aero-smart profile (the coefficient of drag 
is 0.31) is a welcome break from VW's upright, 
square-edged recent offerings. The grilleless 
nose and flush-mounted glass mark the Passat 
as a genuine departure from standard VW ar- 
chitecture. The results of the wind-tunnel labor 
are even more impressive when measured 
against the Integra's 0.34 Cd and the Grand 
Am’s 0.37. 

Two other virtues bolster the Passat's at- 
tractiveness to the value-minded shopper. First, 
a base price of $14,770 includes perks such as 
four-wheel disc brakes, air conditioning, and a 
tilt steering wheel. Second, the interior space is 
impressively well utilized, allowing comfortable 
accommodations for five. 

With the new Integra, Acura manages to shed 
the old knock of simply peddling expensive 
Honda Civics to unwitting yuppies. The second-genera- 
tion car is built on its own distinct platform, abandoning 
MacPherson struts and a semi-independent rear suspen- 
sion for double wishbones at all four corners. Typical of 
the way Honda updates its cars, almost every part of the 
earlier Integra was tossed out in the redesign. The en- 
gine, now enlarged to 1.8 liters from the former 1.6, has a 
new block necessitated by wider spacing between the cyl- 
inder bores. While the engineers were at it, the aluminum 
die casting was reworked for greater rigidity, niggling 
away a bit of the transmitted noise and vibration in the 
process. The manual gearbox got a larger diameter clutch 
disc and gears; the automatic was replaced entirely with a 
more compact three-shaft design that offers a choice of 
sport and normal driving modes. 


$ ay “Volkswagen” and Americans paint a 
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A trio of family sedans with a sporting flair (from the top): the slick Acura Integra, 
Volkswagen's shapely Passat, and the musde-bound Pontiac Grand Am. 


One design carryover is much appreciated—the clever 
engineering that enables installation of equal-length half- 
shafts to diminish the influences of torque steer. Because 
the transaxle assembly is not centered in most front-drive 
cars, the left and right wheels normally end up with 
different length shafts driving them. Under most con- 
ditions this is no problem, but when the angles of the 
constant velocity joints in each shaft differ, the car tends 
to pull to one side under acceleration. The Integra uses an 
intermediate drive shaft on one side, so the outermost 
halfshafts end up equal in length. This design contributes, 
no doubt, to the car’s impeccable behavior when pushed 
hard, and will be appreciated even more when higher 
horsepower engines appear. 

The Grand Am is proof that at Pontiac, at least, the 


designers and engineers aren't totally consumed by De- 
troit's not-invented-here syndrome. Clues from the world's 
best loved marques show up throughout the Grand Am's 
styling and execution, granting buyers the most Euro- 
pean-style offering among GM's otherwise undistin- 
guished N-body siblings. The Quad Four engine is a nat- 
ural fit with Pontiac’s muscle-car tradition; it’s available 
this year in a high-output version with the Getrag five- 
speed manual transmission. 

A smart place to begin sorting out the dynamic qual- 
ities of this sedan trio is in the engine compartments. All 
use transversely mounted four cylinders equipped with 
double-overhead cams and four valves per cylinder. The 
Pontiac Quad Four is the most muscular, up 20 hp in 
1990 to a robust 180 hp at 6,200 rpm, thanks to a higher 
compression ratio, bigger valves, and revised camshaft 
profiles. For better drivability in the automatic trans- 
mission-equipped Grand Am, the Quad Four engine is 
downrated to 160 hp, though that is still a 10-hp improve- 
ment over 1989's peak output. By comparison, the Volks- 
wagen (134 hp at 5,800 rpm) and Acura (130 hp at 6,000 
rpm) are at a disadvantage, but in everyday driving, pow- 
er isn't everything. 


most owners it is as important as the power output 
in determining how much they enjoy driving the car. 

For a car in this size and price class, 
achieving smoothness is a real problem. A 
four-cylinder engine offers the ideal size, 
weight, and fuel economy to fit into the 
space under the hood of a compact-class 
front-wheel-drive car. Unfortunately, the 
design of an in-line four engine also 
brings along a quirk known as second 
order vibration forces. Second order refers 
to the fact that these bothersome move- 
ments occur at twice engine speed. 

The vibration force is not so much a 
flaw as a result of the motions inside the 
engine. Some engine designs, such as ап  vouswiemmesar 
in-line six, are naturally smooth-running 
because the inertial forces caused by the 
movement of the engine's reciprocating 
components counteract one another and 
self-cancel. That's not the case with an in- 
line four, and the best fix is to use balance 
shafts to cancel part of the vibration. 

None of these three engines employs 
balance shaft technology in the way that 
the engines in Mitsubishi's Galant or 
Honda's Accord do. Those power plants 
use a pair of engine-driven weighted 
shafts mounted alongside the cylinder 
block to impart an equal but opposite 
imbalance force. Without the balance 
shafts in place, another rule of thumb 
takes over: The greater the engine dis- 
placement, the more likely that these vi- 
bration forces will be annoying to passen- 
gers. As a result, the Pontiac (biggest of 
the group at 2.3 liters) does the most 
shaking and suffers the worst, making 
the Grand Am feel twitchy and unrefined 
when you reach for the upper rpm ranges. 
The Volkswagen is much better, partic- 
ularly at highway cruising speeds, but the 
rock and roll of its two-liter power plant is 
still felt clearly when you push it hard. 
The engine is a bored and stroked version 


E ngine smoothness isn't everything either, but for 


ACCELERATION 0-60 mph (sec.) 
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ING 60—0 jh (Н.) 


of the Golf/Jetta 1.8-liter power plant, and shows its age. 

The Integra, however, is always baby’s bottom smooth 
by comparison because its engine displaces just 1.8 liters 
and the engine mounts effectively isolate the vibration 
from the chassis structure. Pontiac attempts to minimize 
vibration annoyance with tall gearing that lets the engine 
loaf along at 2,400 rpm at a 60-mph cruise speed. Under 
the same circumstances the Passat is turning at 2,700 
rpm. The Integra is running at 3,100 rpm at this speed, 
but you’d never know except by reading the tachometer. 
Another noteworthy point: The Pontiac’s Quad Four is 
installed with the exhaust side of the cylinder head 
toward the rear of the car (and the passenger cabin, of 
course), as is the Passat engine. The Integra engine places 
the exhaust at the front. The lack of fuss and buzz in the 
Integra leads us to believe that there’s a worthwhile 
advantage to this positioning in controlling what engi- 
neers call NVH—noise, vibration, and harshness. 

Enjoying the miles spent on the road depends on much 
more than a smooth engine, of course. Remembering that 
we're pressing sporty sedans into family car duty, there 
are practical considerations as well. Start with interior 
room. The Passat, riding on a wheelbase no longer than 
the other two, is unquestionably the leader by both actual 
volume measurements and the sit-and-try test. Its trunk 
is bigger than the others too, and has the widest opening 
and a low lift-over. The space advantage is most notice- 
able in the rear seat—surprisingly gen- 
erous legroom, a reclining seat back (yes, 
in the rear seat), and true three-across 
capacity. The Acura is the tightest fit for 
three, while the Pontiac’s thinly padded 
upright seat back may be the most un- 
inviting perch this side of a picket fence. 

It’s the driver's point of view that takes 
precedence in the Integra, typified by the 
low cowl height and a wide-screen vista 
from behind the steering wheel. A clean, 
logical presentation of the gauges and the 
curvy, stylized door panels provide an en- 
joyable environment for the driver. Only a 
few detractors to list: door-mounted pow- 
er window switches that are confusing at 
first, a motorized seat-belt anchor that 
jammed numerous times, and rear win- 
dow glass that rolls down and stops at an 
unsettling angle, short of hiding all the 
way inside the door. 


out makes intelligent use of quality- 

feel plastics. A handsome steering 
wheel and the judicious sprinkling of 
gray tones reinforce the aesthetic ap- 
peal, but the engineering team deflates 
the good will that has been accrued by 
the interior designers: Door-mounted 
passive seat belts are inconvenient and 
maddening in use, and the four tiny in- 
strument-panel gauges are marked with 
even tinier numbers. The tachometer is 
easily read, but not needed as the engine 
resonance that courses through the body 
structure urges you to shift gears long 
before the 6,800-rpm redline. 

There's never any doubt as to the Pas- 
sat's country of origin when you slide be- 
hind the wheel. Every item in the car is 
compartmentalized, to the point of ap- 
pearing too busy. Clever touches abound: 


T he Grand Am's tasteful interior lay- 
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a small center sun visor above the inside rearview mir- 
ror; lights and pockets everywhere; and optional seat 
heaters for those who reside in the snowbelt. Despite 
the impressive interior dimensions, the front-seat area 
is cramped by large knee bolsters (no doubt a crash- 
worthiness advantage). Some of the Passat's details just 
don’t compute, though. Vertically mounted power-win- 
dow switches defy the precepts of logical placement, 
and the manual seat adjustments (three knobs and two 
levers in all) seem a bit much to ask of a multi-driver 
family. 

The dual-purpose nature of these sedans calls for sus- 
pension tuning that delivers a supple highway ride but 
still limits roll and ensures precision when the road gets 
twisty. Thanks to its 205-millimeter-width 16-inch tires, 
the Pontiac Grand Am always felt solidly planted when 
pushed on the test track, and it did manage the best 
speeds in the lane-change and slalom maneuvers. With 
quick steering and high roll stiffness, the Grand Am 
responds quickly to the driver’s input, so great care must 
be taken at the wheel. At slow speeds, though, the Grand 
Am feels clumsy because of its noticeably wide turning 
radius, sometimes requiring an inconvenient two-point- 
turn maneuver where the Integra and Passat could make 
a U-turn. 

On the skid pad, the Passat performed in a standard VW 
manner, lifting a hind leg into the air and remaining sta- 
ble while posting the best road-holding numbers of the 
group. Its generous body roll results from the engineers’ 
decision to calibrate the car more for comfort than speed, 
and it is a penalty in quick left-right transitions. The 
Acura has excellent responsiveness in that maneuver, but 
once the limits of chassis and tires have been exceeded 
the driver has a difficult time trying to reel it back in. 

The performances more likely to see real-world use on 
the public roads—acceleration and braking—held a few 
surprises. Predictably, the powerful Grand Am galloped 
up to 60 mph quickest. Running up through the gears, its 
shifter was acceptably smooth, but the mushy clutch 


82 | POPULARSCIENCE SEPTEMBER 1990 


De 


Ever since the camshaft began its migration 
to an over-the-cylinder-head position, engi- 
neers have been devising mechanisms to 
ensure an accurate, reliable drive system. 
Most modem overhead-cam engines, the 
Acura's included, use a toothed belt to spin 
the cams at one-half engine speed. It's a 
good compromise, belts being quiet, light- 
weight, and easy to service. Other engine 
designers, including the GM Quad Four en- 
gineers, seek the certainty of a 100,000-mile 
life span and opt for chain drive. The narrow 
chain also eases packaging under the hood 
because the engine ends up shorter. 
Volkswagen has taken a belt-and-sus- 
penders approach with its twin-cam four- 
cylinder engines. A timing belt drives the 
exhaust cam directly from the front snout of 
the crankshaft. The intake cam is then 
turned by a chain, which connects it to the 
exhaust cam. Why do it this way? It's com- 
pact, eliminating one large sprocket on the 
engine's exterior. That gives the engineers 
clearance to move the cams closer togeth- 
er, reducing the angle between the intake 
and exhaust valves to make the combustion 
chamber more compact. Also, it simplified the 
conversion from an eight-valve single cam 
engine to the 16-valve twin cam.—N. S. M. 


pedal offered no feedback to the driver, and the throttle 
was almost as hard to modulate. The Integra's rod-op- 
erated gearshift is smooth almost beyond the point of hav- 
ing feedback. Volkswagen specifies a cable-operated gear- 
change linkage, which is acceptable, but not as smooth 
as the Integra shift. 

The VW, fitted with four-wheel discs and ABS, out- 
weighs both of the other cars, but still stopped in the 
shortest distance. The Pontiac carried the poorest 
stopping hardware, lacking both ABS and rear disc bind- 
ers, and it only posted competitive hot-braking distances 
once the rear drums faded enough to eliminate premature 
lockup. 


oss all three cars into the same curve on a country 

road, and the test track impressions are amplified: 

The Acura is unruffled and encourages the driver to 
press harder; the Passat is smooth, though a little numb 
and uncommunicative; the stiff Grand Am wrestles 
against you all the way, making the maneuver feel harder 
than it actually is. The chassis tuning feels like it had 
been done by a neighborhood teenager. 

No matter how endearing the dynamic qualities of a 
car, no owner-auto romance will remain fresh without a 
stimulating physical attraction. Personal tastes play 
heavily in this arena, but no one can deny the appealing 
simplicity of Volkswagen's Passat. The Grand Am has a 
fetching shape as well, though by 1990 the ribbed, ridged, 
badged, plastic-clad, fender-bulged form has become a 
touch heavy-handed. Not convinced? One lap around the 
exterior revealed a total of four tailpipes and the following 
markings: 16 Valve H.O. SE Fuel Injection. 

Part of the Acura Integra's magnetic appeal is the glas- 
Sy look of the greenhouse, accomplished by the use of 
frameless door windows and thin roof support pillars. By 
reinforcing each B-pillar at its base and along its length, 
body stiffness has been improved over the first generation 
Integra by 30 percent in bending rigidity and 90 percent 
in torsional rigidity, according to Honda engineers. Triple 


lip wind seals, one on the outside and two inside, prevent 
intrusion of wind noise. The windows do move around 
a bit when you drive with the glass lowered part way, 
however. 


hich one of these sedans is right for your family 

and still fills the bill as a sports car surrogate 

depends on how you see the choices and trade- 
offs. None of the three has a driver-side air bag, one item 
that should be high on the must-have list for family sedan 
buyers, so we can’t use that as our basis for judgment. 

Ride quality is an important issue too, and here the 
Grand Am’s high-performance WS6 suspension falls short 
in terms of refinement. Both the Integra and Passat are 
competent in keeping the bumps isolated from the pas- 
sengers, though the Passat does the job with more body 
roll in fast corners. 

If you’re staunchly “Buy American,” the Pontiac will 
comply, but it has few other redeeming traits. Should you 
choose to rank sportiness and back-road competence 
above utility (and there’s no reason to feel guilty about 
that), the Acura Integra is the right choice. Every me- 
chanical detail is sweet in operation, from the turbine 
whir of the engine to the light-touch gearshift. 

For the buyer looking for an engaging alternative to 
mainstream transportation, the Volkswagen Passat has 
everything going for it. Clearly, it is not as powerful as the 
Grand Am. And weighing in at 250 pounds more than the 
Integra, it feels sluggish by comparison. But measured 
against the Ford Taurus or Chevrolet Lumina, as VW 
would like you to do, it has a high level of refinement and 
a real personality. Little things—a tight turning radius or 
an express-down feature for the passenger-side power 
window—show that someone out there is listening to the 
customer. Bigger issues, such as the spacious back seat, 
high level of standard equipment, and low level of inte- 
rior noise on the road make the Passat a serious candi- 
date for any family’s consideration. us 


ASPIRING TO HIGHER LEVELS 


It's easy to write off this trio as three social climbers that don't know 
their place. They are relatively pricey for small cars, and the Integra 
and Grand Am are more or less cloned from cars that offer similar 
basic dimensions but have lesser engines and interior appointments. 

The other way to look at it is that performance doesn't always 
come with cubic inches alone, and luxury is more a matter of taste 
than size. Volkswagen, in particular, has made several efforts in the 
past to establish a short-wheelbase car as a spiritual intermediate, 
and now has revived the concept with the Passat. Its interior seems 
cavernous, with enough footroom in the rear to double as a wedding 
limo. The space is combined with a supple ride and reasonably good 
handling, marred only by a rear-wheel lifting tendency near the limit, 
after which the car starts to come unglued. On the other hand, it did 
post one of the shortest stopping distances we have ever measured. 

Still, the handling edge is held by the Integra, which manages to 
exorcise the first-generation Integra's suspension noise and grum- 
bling, and add considerable grip, balance, and comfort. The engine 
winds forever, although it was unable to keep up with the power of 
the Grand Am. 

The 2.3-liter Quad Four power plant in the Pontiac quickly gained 
top drag honors, and the engine now is much improved from the 
earlier models we tested. The Grand Am is a solid car, but the chas- 
Sis doesn't seem to handle the power well. The gearbox is still stiff, 
and the handling is rough. 

Of the three, | gravitated toward the Integra because of its overall 
pleasant driving qualities, but kept wondering why it was worth as 
much as the significantly larger Accord. While the Passat is com- 
fortable and lively, whether it is enough to pull Volkswagen back to 
prominence in the small-car field is another question. But it's good 
enough to take a lot of slack out of the rope —Dan McCosh 


POPULAR SCIENCE TEST RESUL 


Volkswagen Passat 
Pontiac Grand Am SE 
Acura Integra GS 
ACCELERATION 
and HANDLING 
0-30 mph (sec 29 30 33 
0-60 mph (ser. з 75 100 
30-50 mph (sec. 102 37 19 
50-70 mph (sec. n3 154 na 
 Dovble-lone change (mph) 55 52 ЕД 
Slolom (mph) 45 Ув 41 
Road-holding (g) 09 07 079 
BRAKES 
60-0 mph cold (h. 1% 164 4 
60-0 mph warm (it. LJ 154 127 
60-0 mph hot (ft. LU 154 127 
INTERIOR NOISE 
Idle (dBA) E] я a 
60 mph (dBA) n n n 
0-60 mph (dBA) в a т 
Engine. ин 23M HI 
Volve train DOHC, 4 volves per DOHC, 4 volves per DOHC, 4 valves per 
inder inder 
Power ot engine speed (hp & rpm). | 130 @ 6,000 180 «о 6,200 134 e 5,800 
Torque at engine speed (Ы Н. &^ rpm) | 121 @ 5,000 160 @ 5,200 133 @ 4400 
Compression ratio. 921 1001 108:1 
Tronsmissior. ‘S-speed manual ‘S-speed топос! ‘S-speed manual 
Final drive ratio 441 381 3941 
CHASSIS 
Front suspension Independent, control | Independent, MacPher- | Independent, MacPher- 
‘orm, coll spring, son strut, coil spring, | son strut, coil spring, 
‘anti-roll bor anti-roll bor ‘onti-roll bor 
Reor suspension Independent, control | Independent, trailing | Independent, torsion 
‘orm, coil spring, ‘orm, col spring beom aule, coil spring, 
‘anti-roll bar anti-roll bor 
Steering geor. Rodcond-pinion power | Rock-ond-pinion power | Rack-and-pinion power 
Turning circle (ft. E ys 351 
Brokes Disc, disc ABS. Dist, drum Disc, disc ABS 
EPA MILEAGE 
Gy " n a 
Highway. в E] E] 
DIMENSIONS 
Wheelbase (in. 1024 1034 1033 
Length (in. 1765 1801 1800 
Width (in. 674 $5 61 
Height (а. ET] 525 562 
Corb weight (Is )/distribution 
(Ф front: reor) 2,694162:38 2,870/64:36 2855/5941 
Fuel tank (gol. 132 ns 185 
Interior volume (cu. ft. "5 » % 
Trunk volume (cu. ft. n n м 
PRICES, PARTS AND SERVICE 
Base price $15,950 514,894 $4770 
Price ох tested. $16,685 $15,895 Suns 
Major options (over $100) IC S735 AWM stereo Convenience group 
wlcompad dist player, | $1,200; anti-lock brak- 
5-bond graphic ing $835; electric sun- 
equalizer $405, option | root $695; cold-dimate 
рабое $321; reor | package $250; charcoal 
window defogger $160; | metallic point $165 
luggage mer 
deck $115 
SPARE-PARTS COST 
Broke pods, front. 55 $4 $n 
Broke pods, reor 45 y 65 
Front shock/strut insert (eoch) » 137 104 
Front fender 192 v3 1% 
Alternator БШ 1% 195 
Fuel pump. 193 n 186 
шов module m Ж not 
Grille. ай. él na. 
Front bumper 195 248 24 
Windshield. m 388 416 
Taillight lens 0 n L] 
PS SERVICEABILITY 
Тою) ol 12 items (maximum of 60 points) | 43 ^ ^" 
Best feature. Fuses Coolant access Engine access 
Worst feature. Engine access Spork plug access Fuses tough 
* not available 
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WHEN 
THE 


COMPUTER 


FAILS 


It used to be an inconvenience. Now, it’s a potential disaster. Long- 
distance networks collapse, bank machines don’t deliver cash, and 
airplanes sometimes fly without radar monitors. 


t 2:20 p.m. on 
Jan. 15, it was 
quiet in AT&T's 
Network Op- 
erations Cen- 
ter in Bedmin- 
ster, N.J., where 
engineers over- 
see the world's largest long- 
distance telephone system. But 
two minutes later, a chilling 
burst of color splayed across 
the gigantic wall of computer 
screens that monitor the net- 
work. Blue and red lines slashed 
across an outline map of the 
United States as out-of-service 
signals leapfrogged from one 
computerized switching sta- 
tion to the next. 

For thefollowing nine hours, 
millions of callers heard only 
recorded messages stating that 
“all circuits are busy.” Mothers 
couldn’t reach sons, travelers 
couldn't reach airline reserva- 
tion clerks, and business pe- 
ople couldn't reach clients. 
And companies that bank on 
the telephone, from home- 
shopping channels to hotel 
chains, lost millions of dollars 
in sales..A random plague of 
computer failures run amok 
in the phone system, made 


distant places distant again—and caused much concern 
that our vital long-distance links could be so vulnerable. 
But the lasting impact of the AT&T incident can't be 
measured in delays or dollars alone. The most debilitating 
episode in the company's history of technological successes 
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By CHRISTOPHER O'MALLEY 


JOHN HOWARD. 


cast an ominous shadow on 
the brilliant horizon of com- 
puter triumphs. Our ever-in- 
creasing dependence on com- 
puters to run vital services, 
such as routing phone calls 
and airplane traffic, puts us in 
the uncomfortable position of 
counting on nothing less than 
flawless performance from a 
highly complex web of hard- 
ware and software. Experi- 
ence tells us this is an unrea- 
sonable expectation: Fore- 
casts tell us that our most 
costly disasters are still to 
come. 

AT&T's failure was particu- 
larly jolting. “We took tremen- 
dous pride in the fact that our 
network has always been 
viewed as the epitome of relia- 
bility,” says Karl Martersteck, 
an AT&T vice president. "This 
was a real kick in the gut." 

AT&T's breakdown, which 
was eventually traced to a sin- 
gle line of misplaced software 
code among three million such 
lines (see box on page 90), has 
focused new attention on a 
largely unspoken apprehen- 
sion: the potential for sudden 
and ruinous failure even in 
the best computer systems. 


We are vulnerable on many fronts: Computer hardware is 
susceptible to internal failures, power losses, fire, flood, 
lightning, earthquakes, and other perils. Software instruc- 
tions can be scrambled by a relatively minor programming 
error or damage to a disk. Then there.is the threat of sab- 


otage and the invasions of high-tech thieves and hackers. 

These problems are getting worse too. Hundreds of cases 
posing some risk to the public within the last decade have 
been tracked by SRI International in Menlo Park, Calif., 
one of the nation’s leading technology research establish- 
ments. SRI says the number of incidents is doubling every 
two years. “There’s no end to it,” says Peter Neumann, an 
expert in computer security who compiles the data at SRI. 

The impact of these computer glitches varies, depending 
on where and when they happen and the severity of the 
problem. Most often, the consequence is inconvenience. 
For all the concern the AT&T breakdown prompted, for in- 
stance, its principal effect on the American public was a 
litany of persistent delays—annoying, to be sure, but not 
really dangerous. Calls to 911 emergency services such as 
police and rescue squads are routed over local lines and 
dispatched by radio. Even business losses were minimized 
by a piece of luck: Jan. 15th was Martin Luther King Jr. 
Day, and many companies were closed. 

But computer failures can be serious. In 1988, when fire 
destroyed crucial call-routing computers at an Illinois Bell 
switching station in Hinsdale, 35,000 people were without 
phone service for nearly a week. Inoperative 911 lines 
forced the town to station police cars at various points so 
residents could report emergencies. Hundreds stood in line 
at temporary phone booths to make calls. Fax machines, 
computer modems, automatic teller machines, and credit- 
card verification systems were useless. Some businesses 
sent employees home or shut down altogether. Disconnect- 
ed data lines delayed flights at O'Hare Airport for two 
days; passengers arrived to phoneless terminals. 

Computer malfunctions can also be deadly. In separate 
incidents in 1986, a computer-controlled radiation machine 
called the Therac-25 failed to lower the intensity of its elec- 
tron beam due to a software error: Two people at a Texas 
clinic died of lethal overdoses. At least three others were 
seriously injured elsewhere before the problem was identi- 
fied and fixed. As with many software miscues, it took a 
specific sequence of choices and keystrokes to evoke the 


The huge wall of screens of the AT&T Network Operations Center in Bedminster, N.J., monitors the largest long-distance telephone system in the world. 
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calamitous response, even though the machine had seemed 
to be working well—in this case for more than two years. 

Just as scary, perhaps, are the many close calls that re- 
mind us of the inadequacy of the nation's air-traffic control 
system. Aging and badly outmoded, the computers that 
help guide jetliners to and from our congested airports are 
being replaced in one of the biggest, costliest, and most 
complex automation projects ever undertaken. But the up- 
grade process, which began a decade ago, might take an- 
other decade to complete. 


eanwhile, reports of near-misses and equipment 
M problems are commonplace. In one frightening in- 

cident last October at Dallas-Fort Worth Interna- 
tional Airport, a crush of private and commercial planes 
overloaded the control system's computers. When techni- 
cians attempted to clear the system of nonessential activi- 
ties with a software fix, the controllers' radar screens froze 
for nearly 20 minutes. With more than 100 planes hover- 
ing near the airport, many of them closer to each other 
than rules permit, clear weather might have been the only 
thing that prevented a catastrophe. 

"The lack of accidents is no real guarantee of safety," 
claims Nancy Leveson, a computer science professor at the 
University of California at Irvine and a leading researcher 
in software safety issues. "With safety, you can only detect 
failure, you can't be sure of success. It's when we start get- 
ting blase about safety margins that we get into trouble." 

A new generation of fly-by-wire aircraft, in which me- 
chanical controls have been replaced by computer signals 
and flights can be fully automated from takeoff to touch- 
down, is already in the air. The safety of the Airbus 320, 
the first of this class, has been called into question in the 
wake of an Indian Airlines crash in February that killed 
90 people, however. Whether the computerized cockpit 
contributed to the tragedy or not, it's not likely to stall sim- 
ilar “drive-by-wire” effortsin the automobile industry, which, 
as Saturday mechanics know, have been slowly replacing 
mechanical components with computerized ones. Like- 
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ONE SOLUTION TO COMPUTER GLITCHES: FAULT-TOLERANT SYSTEMS 
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wise, most train traffic will soon be directed by computers. 

The economy is at stake too. Increasingly, money moves 
from one place to another through electronic transfers, 
and a serious computer glitch at a major financial institu- 
tion could conceivably tie up checking and savings ac- 
counts for a time. A lengthy disruption in the stock market 
could be devastating, freezing not only individual portfo- 
lios but much of the world’s business capital as well. It 
nearly happened last November. A smoky fire at the Man- 
hattan high-rise where the New York and American Stock 
Exchanges house all of their computer systems caused 
Wall Street markets to open an hour late. Had the fire 
been more serious, the markets might have been closed for 
days or weeks, threatening the world’s economy. 


weren't peril enough, hackers and computer crooks 
seem to thrive on the perverse challenge of finding 
and exploiting vulnerabilities in computer networks. Some 
gain illicit entrance for little more than an electronic joy 
ride, but many others have malevolent or criminal inten- 
tions, stealing or corrupting crucial information. One way 
or another, we pay for their illegal jaunts: Banks are 
forced to spend millions fending off credit-card fraud, for 
example, and cover their costs with high interest rates. 
Hackers can also cost us a measure of collective security. 
A band of hackers calling itself the Legion of Doom is sus- 
pected not only of stealing and altering data from various 
networks, but also of circulating information that might be 
used to disrupt some 911 services. Government and mil- 
itary networks are common targets, and neither added 
safeguardsnor courtroom convictions seems to deter them: 
Only a few weeks after Robert Tappan Morris was convict- 
ed for his publicized invasion of the nationwide Internet 
network that barred access for thousands of legitimate us- 
ers, another intruder got on the same network and planted 
a rogue program that stole passwords. It's a game of tech- 
nical one-upmanship that security specialists are finding 
difficult to win. 
“Every time you put in something that's a bit more se- 
cure, you escalate the challenge to hackers. And the people 
attacking these systems are much more knowledgeable to- 
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A 8 if acts of God and the imperfect designs of man 


4 The fault-tolerant design used in Tandem 
= 44 computers eliminates single points of failure 

by using redundant components and data 
paths that run simultaneously yet indepen- 
dently. In this example, a pair of parallel data 
buses, or paths, carry information between 
four processing modules, ensuring all pro- 
cessors have two lines of communication. If 
a bus fails, all data transfers are automatical- 
ly rerouted to the other bus. 

Similarly, if a processor goes down, its 
tasks are handled by one of the remaining 
processors. Disk drives are "mirrored," so 
that all information is always stored in two 
different places, enabling the functioning 
one to take over in the event of a failure. The 
result: Single components that might fail af- 
tet a few thousand hours are combined to 
form a system that's unlikely to fail for 
decades. 

A copy of Tandem's Guardian operating 
system runs within each processor, allow- 
ing the processors to act as autonomous 
v computers.—C. O. 


day than they used to be," says SRI's Neumann. "The sad 
fact is, it's just as easy—if not easier—to break [into] most 
computer networks now than it was twenty years ago." 

How do we prevent computer disasters? Many experts 
believe we should start by acknowledging that we cannot 
prevent all failures or block all intrusions and focus more 
on realistic backup plans and ways to soften the blow of in- 
evitable crashes. 

The hardware itself may be the easiest component to 
make fail-safe. Already, advances in electronic engineering 
have made computers reliable. The mean time between 
failure (MTBF) for sophisticated hardware, once measured 
in weeks, now spans years. Newer fault-tolerant machines 
(see box, One Solution to Computer Glitches) can keep 
running even in the face of a serious hardware failure by 
quickly switching to redundant processing and storage 
systems. Where necessary, local phone lines can be by- 
passed or supplemented by direct cabling, radio towers, or 
satellite dishes. And most networks now have some form 
of backup electrical power. 

There are ways to guard against accidents too. The sur- 
est method is to duplicate a processing center in another 
location. Securities Industry Automation Corp., the prima- 
ry processor of stock trading information in the United 
States, is moving some of its operations to a second site in 
Brooklyn, N.Y., which could pick up stock-market trading 
the next day even if its Manhattan offices were completely 
destroyed. Citibank uses two national data centers, which 
are synchronized to run within a half-second of each other, 
to maintain its crucial financial data bases tracking every- 
thing from ATM performance to checkbook balances. Amer- 
ican Airlines takes a different approach: The computers 
that run its Sabre reservation service, the largest in the 
country, are in an underground room in Tulsa, Okla. 

Even such expensive redundant precautions can't com- 
pletely shield computer systems from the more insidious 
and more pervasive danger that software presents. Not 
even an underground fortress kept the Sabre system from 
crashing last year when a program went haywire and cut 
off the computers from their disk drives, causing a 13-hour 
lapse in service. It became impossible to make plane or ho- 
tel reservations through the Sabre computers. More strik- 
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ing is the fact that AT&T’s far-flung network of fault-toler- 
ant computers—a decentralized system designed specifi- 
cally to prevent widespread problems—was obviously not 
immune to software miseries. Indeed, many experts be- 
lieve the AT&T incident exemplifies the precarious state 
we're now in: While hardware has grown predictable, the 
software that guides it is still an untamed beast. 

“We know how to build computers, but we don’t know 
how to control them yet,” observes James Paul, co-author 
of a recent congressional report on software problems. 
“Hardware is constructed within the bounds of the physi- 
cal universe, but software is infinitely malleable.” 

And infinitely fallible. Software programmers grapple 
with an almost unfathomable number of contingencies in 
large projects, and coding errors are unavoidable. Obvious 
errors in the code will be detected at some point in the 
testing process. But, as the AT&T case demonstrates, even 
one minor oversight in sequence or syntax can bring an 
otherwise robust system to its knees. Testing every state- 
ment and logical branch in a set of code—a virtually im- 
possible job with big programs—could reduce the number 
of errors, but only in the real world of countless scenarios 
and unexpected occurrences can software prove itself. 

There are no quick fixes, but there's a growing consen- 
sus that we must take a more scientific approach to soft- 


art form. We're already seeing movement toward software 
engineering with more formal development guidelines and 
the use of measurement techniques known as software 
quality metrics. Computer-aided software engineering 
(CASE) tools are helping software developers be more me- 
thodical in their approach to the creation of software. 
CASE puts in place a system of checks that helps elimi- 
nate many software errors. New standards for software 
quality are taking root as well. The American National 
Standards Institute and the Institute of Electrical and 
Electronics Engineers jointly endorse more than a dozen 
software engineering standards, including one aimed at 
establishing quality assurance plans for critical software. 


М: people also favor the idea of certifying ог li- 


censing software programmers and designers, es- 

pecially in projects where safety is a factor. If the 
architects and engineers who build bridges must be li- 
censed, goes the argument, why not those who design soft- 
ware for a 747 or an X-ray machine? But support for such 
measures is tempered with realistic expectations. 

The FAA, for one, insists it is going the extra mile with 
its massive upgrade. “We can't build software without 
faults,” admits Andres Zellweger, director of research and 
development service for the FAA. “So what we're trying to 


ware design, which traditionally has been treated as an 


do is limit the severity of any problems that arise.” us 


m 


It was the kind of scenario computer system 
managers fear most: A minor, virtually unde- 
tectable error in one line of programming 
code opens a small window of vulnerability 
—and a violent storm of malfunctions blows 
in, knocking „down computer after computer, 
domino fashion. 

That's exactly what happened to AT&T on 
Jan. 15. A misplaced “break” statement (line 
11 in the accompanying “pseudo” code) in a 
mid-December software upgrade made to all 
of the company's 4ESS digital switches, the 
pillars of the network, caused the switches to 
Skip over a routine processing step (line 13) 
when a backlog of call attempts came rush- 
ing in within milliseconds of each other from 
an out-of-service switch. 

When, after the first attempt, the program 
determined that the receiving switch was still 
busy when the second attempt came in (i.e., 
the "buffer" in line 8 was not empty), the soft- 
ware should have proceeded to process the 
incoming message and set up the "pointers," 
or identifying marks, for its data base (line 
13). Instead, the fateful break statement (line 
11) caused the program to jump over that in- 
Struction and do optional data-base work 
(line 17) before the proper pointers were in 
place, which jumbled data and shut down 
the switch until it could reset itself properly. 
That shifted the heavy traffic load to another 
Switch, which repeated the same destructive 
pattern. The result was a cascade of random 
Switch failures that thwarted more than half 
of all call attempts. 

“It was the first time we have ever had a 
problem that spread from a local switching 
system to the whole network," says Karl 
Martersteck, of AT&T. "It was a major breach 
of our defense mechanisms." 

In fact, the breadth of the errant code's im- 


LINE TI: A SMALL WINDOW OF VULNERABILITY 


Below is the section of “pseudo” program- 
ming code that AT&T says represents the 
portion of the software that failed in its 4ESS 
digital switches on Jan. 15.—C. O. 


pact exposed weaknesses in AT&T's capac- 
ity for tracking and diagnosing software 
problems. In the hours following the initial 
trouble signals emanating from a Manhattan 
Switching station, AT&T network administra- 
tors were vexed by the up-and-down behav- 
ior of its switches on the common channel 
signaling system (the network that parallels 
and precedes the network carrying the actu- 
al call, relaying crucial messages on call 
handling between switches). AT&T eventual- 
ly had to shut down some of the system to 
reduce traffic and stabilize the network. The 
following day software developers were able 


to home іп on the problem, narrowing their 


focus to one part of the software, and then 
combing through it line by line to find and fix 
the one-line flaw in its logical flow. 

“Aside from the fact that it happened to be- 
gin with, the most embarrassing part of all 
this was that it took us nine hours to retum 
things to normal,” says Martersteck. 

In the wake of the incident, AT&T is mak- 
ing some changes. A new system of “gather- 
ing points” in the signaling network to collect 
more clues about the flow of messages is 
now being put into place. Support systems 
used by network center operators are also 
being bolstered to show more data and allow 
more hands-on control. AT&T executives 
hope such improvements will enable them to 
respond more quickly in the event of a simi- 
lar problem. 

As for preventing future software errors, 
AT&T walks a fine line between assuring the 
public that another breakdown is unlikely 
and promising too much. "We're doing ev- 
erything we know how to do to make sure 
[the Jan. 15 incident] was a freak accident," 
says Martersteck. "But it certainly could hap- 
pen again." 
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THE ILL-FATED CODE 


IAM = incoming message 
OPC - sending switch 
upos = out of service 

upis = in service 

simk = status mop manager 


1. While (ring receive buffer | empty 

and side buffer! empty) 

2t 

3. initialize pointer to first msg. in 

side buffer or ring rec. buffer’ 

4. Get п copy of buffer 

5. Switch (message) ( 

6. Case IAM: if (OPC = upos) 

7. ( 

8. if (ring write buffer = empty) 
9. send upis to slmk (38); 

10. else 
n. break; 

12, ) 

13. Process IAM, set up pointers to 
optional parameters 

M. break; 

15. i 

16. ) 


17. do optional parameter work 
18.) 


Only A KEMP 
Shredder/Chipper 
Gives You 


* Extra Muscle to Tackle Any 
Job 

* The Time-Saving Anti-Clog 
Gate 

* The Largest Shredding 
Chamber 

* Superior Performance 


With a Lifetime Warranty 
backed by 100 Years of 
Quality! 


The marvelous Recycling Machines from KEMP are 
Mother Nature's devoted helpers. 

They devour enormous quantities of brush, weeds, 
overripe crops, leaves, cornstalks, fallen limbs (up to 
8" thick!) . . . and transform all this into valuable COM- 
POST, protective MULCH and decorative WOOD 
CHIPS . . . quickly, easily and economically! 


Give Mother Nature A Hand 


Without a Kemp Shredder/Chipper, it takes months 
(and even years) for most organic matter to decay and 
to be recycled back to nature. 

With a Kemp, you speed up this natural process, 
because a Kemp reduces everything to millions of tiny 
pieces. Decay begins at once and accelerates 
rapidly. 

Use COMPOST to feed your vegetables, flowers 
and lawn. Use MULCH to end 90% of weeding chores 
and to preserve precious moisture during dry spells. 
Use WOOD CHIPS to give your shrubs, hedges and 
borders that professionally landscaped look. 


Compare Before You Buy 

No shredder/chipper made anywhere in the world 

today equals a Kemp — the standard of the home gar- 

dener since 1890. 

* Built-in CHIPPER cuts limbs (up to 3" thick!) into 
decorative wood chips 

* Reversible, fixed TEETH of heat-treated, high- 
carbon steel (so-called "swinging" teeth аге 
cheaper, wear faster and can cause severe strain 
on the engine) 

* Exclusive ANTI-CLOG GATE instantly releases 
unshreddable material (prevents annoying clog- 
ging so common to other shredders) 


* Full 180? arc GRINDING SCREEN gives up to 909 
more grinding surface than competitive makes 
* Every chipper model has 4 BIG WHEELS for easy, 
safe mobility 
* PLUS over a dozen extra features that add up to 
make Kemp second to none! 
30-Day Home Trial At Our Expense 
Try any Kemp for a full 30 days of shredding, grinding 
and chipping in your own yard and garden. Then, if 
you're not 10096 delighted, we'll refund your full 
purchase price, including return shipping! Could any- 
thing be more fair? 


EARLY ORDER BONUS 
30-DAY FREE TRIAL 


Quality Products for 100 Years, 
1890-1990 


| І 
І Shredder/Chippers І 
| 160 Koser Road, Dept. 44090 | 
Lititz (Lancaster Co.), РА 17545 
| О Please RUSH me full information on the | 
Kemp Shredder/Chippers, 30-Day Trial, апа 
| Budget Plan. | 
І І 
І | 
| l 


POWER-FED 
TOOLS IN 1 


Now you can use this ONE power-feed shop to turn 
rough lumber into moldings, trim, flooring, furni- 
ture- All popular patterns, Rip-Plane-Mold & Sand 
... Separately or in combination with a single motor. 
Low Cost ...You can own this power tool for only 


$50 DOWN! 
30, EREE TRIAL! 
__ RUSH COUPON TODAY! _ 


Foley-Belsaw Co. 

6301 Equitable Rd. 

Kansas City, Mo. 64120 

О YES, Please send me complete facts about your PLANER - 
MOLDER-SAW-SANDER and details about 30-Day Trial offer 
and that I will receive your quarterly Woodworking Catalog. 
Dept.91584 

О NO, Im not interested in а Foley-Belsaw PLANER- 
MOLDER-SAW-SANDER but please send me your Free Wood- 
working Catalog, Dept. 44108 


Name 
Address 
City State Zip 


PROFESSIONAL QUALITY 
WEATHER STATION 
NOW AFFORDABLE 

ENOUGH FOR HOME USE! 


ne new Jen hem weather gation uses state-of- 
the-art technology to give you full monitoring сара- 
bility at an incredibly low price. The WeatheiPro 
includes a weather computer, remote precision wind 
direction vane, wind speed sensor, external temper. 
Blue probe, mounting hardware and 40 of Cable-all 
for only $1 


WIND SPEED. WIND GUST 
TEMPERATURE *WIND CHILL 
*WIND DIRECTION *TIME 


*TEMPERATURE HILO *AUTO SCAN 
*RAINFALL (OPTIONAL)* *1 YEAR WARRANTY 
*14-DAY MONEY-BACK GUARANTEE 


DIGITAR WEATHERPRO 
WEATHER STATION: ONLY $179! 
1-81 78- 3669, PS 


residents. 
168 « MC and VISA 


DIGITAR” 


3465 DIABLO AVE, HAYWARD, CA 94545 


e LaserCbarge & TRTE 
INTRODUCE 


LaserMaintenance 


Two WORLD LEADERS Now OFFER THE NUMBER 
ONE SERVICE TRAINING OPPORTUNITY. 


The rapid market penetration of laser printers and 
copiers in the U.S. and around the world has created 
an increasing need for qualified service personnel in 
this dynamic industry. LaserCharge and TRW are 
meeting this need with the exclusive offering of the 
new LaseMaintenance Training Program. 


Through LaserCbarge's exclusive agreement with 
internationally recognized TRW, LasecMaintenance 
enrollees receive three days of expert service and 
maintenance training, complete tool kits, training 
manuals and video tape, access to printer and copier 
replacement parts, and all the technical backup 
required to create your own laser printer and copier 
service business. All travel and 


are covered in a special turn-key package. 


The new LaserMaintenance program is being 
offered in combination with LaserCbarge's highly 
successful toner cartridge recharge training program, 
Act now and save up to $2000 off the total 
combination price (limited time offer). 


С. кошу for ful details on this exciting new o pom: 
nity from LaserCharge. Because of their highly 
curriculum, both LaserCharge and pls 
training classes are limited in size, so make your reser- 
vation soon. Now is the time to take advantage of this 
excellent income producing career program. 


Ф lasercharge 


1-800-999-8134 


The best way to a man's 
stomach...NordicTrack 


World's best 
aerobic exerciser. 


With NordicTrack you can burn 
more calories in less time than with 
any other kind of exercise machine. 
Up to 1,100 calories per hour 
according to tests at a major 
university. 

Meanwhile you can strengthen 
your heart, tone your muscles and 
improve your stamina. 

NordicTrack duplicates the 
motion of cross-country skiing, the 
most efficient and effective way to 
get exercise. 

NordicTrack helps you lose 
weight & keep it off. Permanently. 
It's more effective than dieting. And 
it’s a lot less stressful on the body 
than high-impact sports. 


This is the way to look as 
good as you feel. 


NordicTrack boosts your pro- 
ductivity and creativity and lowers 
your stress. All while helping you 
loose weight. 


NordicTrack provides a total- 
body workout. 


Unlike most in-home exercisers, 
NordicTrack works all the major 
muscle groups including the arms, 
legs, buttocks, shoulders and yes, 
stomach. 


[28010 


It's time to change 
the spare tire. 


So what are you waiting for? 
Call NordicTrack today. 


Nordic[rack 


Г Free Brochure & Video 1 


Call Toll Free in U.S. and Canada 


1-800-328-5888 


| 
О Please send me a free brochure. | 
О Also a free video tape О VHS О BETA 
шаннан uc EP 
Street | 
City. State Zip. | 
Phone ( ) | 


141C Jonathan Blvd. N. • Chaska, MN 55318 


GENETIC PUZZLE 
SOLVED: 


THWARTING 


CANCER 


BEFORE 
IT STRIKES 


By JERRY E. BISHOP 
and MICHAEL WALDHOLZ 


“THE FEAT SHOOK 
THE HALLS OF MEDICINE... 
IT WAS A TURNING POINT 
IN GENETICS AND 
CANCER RESEARCH” 


uring the past year, teams of medical researchers have 
discovered a handful of genes that, when either miss- 
ing or altered, appear to place people at a higher-than- 
normal risk of developing certain common cancers— 
including lung and colon cancers. These exciting dis- 
coveries set the stage for a new war on cancer. They 
came as the result of a long and arduous search to 
clarify the role of genetics in the disease, an effort 
shouldered by many investigators, beginning in the 1960s. And the 
first fruit of that search came in 1985, when scientists undertook an 
audacious experiment. 

The experiment began at Karolinska Hospital in Stockholm. Doc- 
tors there extracted a vial full of blood from the umbilical cord of a 
newborn baby boy and rushed it air-express to waiting scientists in 
Cincinnati. Led by a young researcher named Webster Cavenee at the 
University of Cincinnati, they sifted through genetic material in the 
blood cells and, quite remarkably, found that the child had inherited a 
mutant gene from its mother. 

Only months before, these scientists had determined that this gene, 
when defective, could cause a rare and potentially lethal eye cancer 
called retinoblastoma. The stunning discovery proved for the first 
time that inheriting a damaged gene could cause cancer. The Cincin- 
nati group knew the child risked having the gene because the cancer 
had struck the baby’s mother when she was barely two months old, 
blinding both eyes. 

Cavenee immediately relayed word back to Stockholm that the ba- 
by had inherited his mother’s mutant gene. The Swedish doctors then 
decided to undertake a risky procedure. When the boy was barely five 
weeks old they put him under general anesthesia. For more than an 
hour, they closely examined his retinas. In both eyes, the doctors 
found evidence of cells just beginning to mass into minute but danger- 
ous malignant clumps. While the child was still anesthetized, the doc- 
tors directed a narrow burst of laser light at the retinas, vaporizing 
the cells while leaving the rest of the eye unharmed. The cancer had 
been checked. 

The feat shook the halls of medicine. Never before had doctors used 
a genetic test to predict accurately the emergence of a cancer before it 
struck. It was a turning point in genetics as well as cancer research. 
It meant that scientists could peek into the jumble of a human’s DNA, 
the genetic machinery at the nucleus of a cell that controls all life, 
and forecast a bit of the future. 


any doctors had already believed that some people inherited a 

tendency to develop certain cancers. Daughters of women 

with breast cancer are much more prone to get the same can- 
cer than others. And few cancer specialists were surprised when 
Ronald Reagan and his brother Neil were diagnosed with colon can- 
cer within weeks of one another. But prior to Web Cavenee's report in- 
volving the eye cancer, there was little actual evidence that this ten- 
dency could be transmitted at birth. Now there was. 

The experiment helped trigger a race among scientists around the 
world to find whether other, more common cancers, such as the dead- 
ly types that form in the lungs, the breast, and the brain, might also 
be due to the inheritance of certain mutant genes. The race has un- 
covered several such genes; many others must still be found. 

Such genes are now called “tumor suppressors.” When behaving 
normally, these genes control cell growth. But if the genes are dam- 
aged or somehow missing, cells normally under control go haywire in- 
stead, and grow into a malignant mass. 

Scientists hope to use these genetic discoveries to craft potent new 
drugs. Healthy genes tell cells to make proteins such as enzymes and 
hormones, which then carry out the second-to-second functions of life. 
Drug makers hope someday to make medicines that mimic the pro- 
teins manufactured by healthy tumor-suppressor genes, using them 
to stop or even reverse cancer growth. Some researchers say they may 
be able to block a cancer's progress by replacing the damaged genes, a 
procedure they call ^gene therapy." 
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“A NARROW BURST 
OF LASER LIGHT 
VAPORIZED THE 
CANCER CELLS” 
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But back in the 1960s, when the suppressor gene story really 
starts, such bold predictions would have been dismissed as mere sci- 
ence fiction. It was back then that an obscure pediatrician began his 
research into retinoblastoma. 


man, who throughout his career had closeted his ambition to be 

a research scientist, accepting, instead, administrative jobs that 
rewarded his scholarliness and calm leadership skills. But all along 
he had been quietly itching for an opportunity to probe a problem in 
basic science. When he first came across the eye cancer in 1969, his 
principal responsibility was building and running the department 
of medical genetics at the M. D. Anderson Cancer Hospital in 
Houston. 

For Knudson, solving the retinoblastoma mystery was the kind of 
intellectual mountain climb he had sought for his entire scientific ca- 
reer. He had treated many patients who had developed cancers in 
childhood and was convinced studying some of the rare and strange 
diseases would provide crucial clues about all cancers. 

He was especially puzzled by the rapidity with which a childhood 
cancer evolved. Most other tumors, those that arose in adults, ap- 
peared to take decades to develop. In the case of the childhood can- 
cers, Knudson believed that something perverted cells while still in 
the embryo. It made sense to him because embryonic cells are rapidly 
dividing, and are especially vulnerable to some kind of outside 
interference. 

But, he was convinced, a cancer is a cancer, and whatever triggered 
the early onset of the disease in the embryo probably did so by acting 
through the same unknown biochemical pathways involved in the 
more common, late-occurring forms of cancer. And the pathways 
might be more easily studied in children because the disease’s course 
was telescoped over months, instead of decades. 

Soon after arriving at M. D. Anderson, Knudson decided to study 
retinoblastoma. It was a childhood cancer and some cases clearly 
were inherited, the stricken child having one parent who had suffered 
the same eye cancer in early childhood. 

The eye cancer, while sometimes studied as a curiosity, was largely 
ignored as a freak occurrence. In fact, it wasn’t until the middle of 
the last century that any victim of retinoblastoma survived long 
enough to have any offspring. If the eye tumor is left untreated, it 
eventually invades the brain and is fatal. Prior to 1866, most children 
afflicted with it died before they were 10 years old, long before they 
could pass it on. 

The invention in 1866 of the ophthalmoscope made it possible for 
doctors to look into the eye and detect a tumor while it was still a 
small mass at the rear of the eyeball. Confronted with this diagnosis, 
surgeons began eradicating the cancer by simply removing the affect- 
ed eyes. These sightless children began to survive into adulthood and 
to have their own families. 


T he pediatrician was Alfred Knudson, a tall, square-shouldered 


radually, physicians began reporting cases of adults who had 

been blinded by the disease having children victimized by the 

same cancer. Presumably, a gene was being passed from parent 
to child. If it was a gene, however, it surfaced in patterns that defied 
the normal laws of inheritance. Sometimes the disease would strike 
half the children of a previously affected adult, acting like a single, 
dominant gene. Sometimes none of an affected individual's children 
would have the disease, suggesting the gene was recessive and that 
two copies of the gene were needed for the disease to arise. 

Moreover, the disease struck oddly, sometimes causing the growth 
of several tumors in both eyes, and sometimes causing tumors in one 
eye, and sometimes producing only one tumor in one eye. By the time 
Knudson began looking at the disease, its pattern of inheritance was 
so complicated that most researchers despaired of finding its cause. 
Ophthalmologists concentrated on detecting and treating the cancer 
at the earliest possible moment. Caught when still microscopic in 
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size, the retinal tumors could be effectively treated by radiation, sav- 
ing the eye. 

This, however, required that all children of an affected parent be 
hospitalized and placed under general anesthesia every two months 
or so for the first three or four years of life. While the examination 
was lifesaving for infants who inherited the disease, it was an unnec- 
essary trauma for the 50 percent or more who didn't. 

And there were other complications. About 60 percent of the 
retinoblastoma cases weren't inherited at all. Instead, they resulted 
from a spontaneous genetic accident, one that must have occurred in 
the developing embryo itself. For these children, the disease had no 
antecedents in earlier generations. 

“I believed that, inherited or not, it was the exact same disease,” 
Knudson says. “And, I felt, both forms of illness were caused by dam- 
age to the same gene.” 

Ina flash of logic, Knudson decided that the cancer must be the re- 
sult of more than one mutation, or “hit,” upon the genetic machinery 
of the retinal cells known as retinoblasts. The solution comes from 
the fact that each child inherits two copies of a gene, one from the 
mother and one from the father. Knudson realized that the cells that 
became malignant somehow sustained two hits. One hit was the in- 
heritance of an already damaged gene, while the other hit came after 
conception, the result of exposure to a mutating chemical in the diet 
or, perhaps, a random error during replication of the cell’s genetic 
works. 


began extrapolating it to other childhood tumors. “My idea is 

that some people are born with a genetic predisposition, that is, 
they are more likely than other people to develop a cancer because 
they inherit one damaged gene,” says Knudson. “Those people who 
don’t inherit the gene defect can still, of course, develop the cancer, 
but they must sustain two hits. Somehow both copies of the gene 
must be hurt.” 

Knudson’s two-hit theory was revolutionary, but it languished in 
the backwaters of science. The reason was that nobody could prove it 
right or wrong because there was no way of finding the gene itself. “I 
was kind of stuck,” Knudson says. 

Then in 1976, Anna Meadows, a physician at Children’s Hospital 
in Philadelphia to whom Knudson had recently been married, treat- 
ed a two-year-old girl with retinoblastoma who was also mentally re- 
tarded. The combination of the two anomalies was very unusual. 
For geneticists, the appearance of two otherwise unrelated illnesses 
is a tip-off not to be ignored. Both illnesses might be due to some ge- 
netic mutation affecting two separate genes that lie close to one an- 
other. 

Each cell contains 23 chromosomes, upon which are located the 
50,000 to 100,000 genes that make up the entire human genome, or 
collection of genes. By 1976, scientists had developed a way of looking 
at chromosomes under a microscope and seeing if one or more was 
damaged. If a chromosome was shorter than normal, it meant that it 
had sustained some damage and was missing some of its genes. 
Meadows and Knudson conducted a quick review of other cases of 
mental retardation similar to that seen in the little girl, and found re- 
ports that many of these retarded children appeared to have suffered 
damage to chromosome 13. 

The fact that a mentally retarded two-year-old girl also suffered 
retinoblastoma hinted that the retinoblastoma gene might also be on 
chromosome 13. Knudson felt he had located the site of the first hit, a 
mutated or missing gene that normally resided on chromosome 13. 
The gene itself, however, still eluded him. 

Help came next from researchers at the University of Utah who 
were developing a new technique they felt could be used to identify 
hidden genes. The technique had been worked on by Raymond White, 
a molecular biologist at Utah who felt it would eventually help un- 
mask the exact location of every gene in the genome. But in 1981, the 
gene-hunting tool had yet to dig up one gene. 

White worked with Webster Cavenee, anxious for a project to call 
his own. He heard about Knudson’s search for the retinoblastoma 


K nudson found great satisfaction in the “two-hit” theory, and he 


“SOME PEOPLE... 
ARE MORE LIKELY THAN 
OTHERS 10 DEVELOP A 
CANCER BECAUSE THEY 

INHERIT ONE 

DAMAGED GENE” 
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Should you drink 
the water? 


Everyday more and more people are 
asking еее this question. The 
reasons are obvious...lead in our water 
from pipes and public water 
systems...nitrates in the water from 
fertilization and acid rain...concern for 
the health of those especially 
susceptible--young children, the elderly, 
and pregnant women. 


How important is water? 


‘Water makes up 70% of our bodies. It 
carries nutients, helps regulate our body 
temperature, and keeps our skin looking 
young and healthy. We can not live 
without it. 


What can you do? 
Fortunately a water test has been 
designed that is easy, accurate, 
inexpensive, and follows recommended 
EPA guidelines. This tests not only for 
nitrates and lead? but also chlorine, iron, 
clarity, hardness and salinity--common 
causes of health problems, water stains, 
system clogging, and poor water taste 
and smell. 


How do | get a kit? 
It's easy, зару complete the order form 
below and mail it with a check, money 
order, or credit card information to our 
EcoSafe address. Or, call us toll-free at 
1-800-232-6723. 


ECO-SAFE Do it today for the 
health of you and your family. 
*Small addi l 


irge for lead test 


L1 YES. Please accept my order for 


—Water Test Kit(s) at $9.99 plus $1.50 
shipping and handling each. 


Name 


Address Арий 


сиу. 


State. Zip. 
Check the appropriate box: 

C Check or money order is enclosed. 
C Charge my MasterCard [Visa 


Card Number 
Expiration Date. 


Signature. 
Mall to: 014 
EcoSafe, P.O. Box 1111, Minnetonka, MN 55345-0111 


Order toll-free: 1-800-232-6723 
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gene and decided it was worth pursu- 
ing. White and Cavenee’s technique 
involved the use of probes, bits of ge- 
netic material scattered throughout 
the chromosomes. The scientists had 
figured out how to use these probes, or 
markers, to trace the presence of hid- 
den genes. 


Chromosome markers 


Cavenee had discovered several 
gene markers on chromosome 13, and 
began running tests to see if the 
markers were missing from the genet- 
ic material taken from retinoblastoma 
cells. In a series of experiments, Cave- 
nee found that one of the markers he 
knew was present in chromosomes 
from healthy tissue was consistently 
missing in cells extracted from 
retinoblastoma cells. Moreover, he 
saw that the marker was missing in 
both copies of chromosome 13. 

He was convinced his marker was a 
proxy for the gene, that it was located 
so close to the gene on chromosome 13 
that the marker and gene were inher- 
ited together. If something damaged 
the gene, it also damaged the marker. 
If the damage caused the gene to be de- 
leted, or missing, the marker was too. 

He studied his marker in numerous 
patients, many from families where 
someone had inherited the eye cancer. 
When he tested these people's genetic 
material, extracted from a blood sam- 
ple, he found that those who had at 
least one copy of the marker didn't 
have cancer. And those people who did 
have the cancer were consistently 
missing both markers. 


Using the marker 


He had proven Knudson's two-hit 
theory and found the gene's approxi- 
mate location. In 1985, he used the 
marker to detect the mutation in the 
Swedish infant, who became the first 
ever to have retinoblastoma nipped in 
the bud. And in 1986, researchers at 
Massachusetts General Hospital used 
the marker to help guide them direct- 
ly to the gene itself, which they called 
the RB gene. Since then, scientists 
have coaxed samples of the gene to 
produce the normal protein that, 
when missing in a cell, causes 
retinoblastoma. 

For his part, Knudson believes re- 
search into the normal gene's protein 
product will herald a new class of 
cancer therapy. “Instead of trying to 
kill tumor cells with toxic medicines 
that do all sorts of damage to healthy 
tissues, we could make malignant 
cells behave like normal ones. It's a 
stunning development," he says. 

Cavenee's work showed scientists 
that the gene markers could be used 
to determine if deleted genes were in- 


volved in other cancers, as well. One 
of the first was Bert Vogelstein of the 
Johns Hopkins School of Medicine in 
Baltimore. A pediatrician like Knud- 
son, Vogelstein was certain that Knud- 
son's two-hit idea was universally true 
for all cancers and that it merely 
needed to be proven by finding mark- 
ers present in normal cells that were 
missing in cancerous cells. 

“It’s a super-exciting set of discover- 
ies," says Vogelstein, who is hunting 
for cancer genes at Johns Hopkins. 
*Only a decade ago cancer was this 
black box in which nothing could be 
seen. Now we know that, within the 
cell, certain genes must go awry." 

In 1988 Vogelstein and his col- 
leagues reported the results of tests 
they had conducted in tissue taken 
from colon-cancer patients. Vogelstein 
found evidence that people with the 
most advanced stages of the cancer 
had four or five deleted or altered 
genes. He reported that the genes had 
to sustain two hits, that is, bothcopies 
of the genes, the ones from both par- 
ents, had to be missing or altered. 


Detecting other cancers 


Vogelstein's report set off a dash 
among other scientists who began us- 
ing the same markers in cancers of 
the breast, lung, kidney, and brain. 
The results started to come in a rush. 
In April 1989, Vogelstein identified a 
tumor-suppressor gene on chromo- 
some 17. Within weeks, scientists 
elsewhere found evidence that the 
same deleted gene was one of perhaps 
a dozen genes involved in lung cancer. 
Cavenee found it missing in cells tak- 
en from brain cancer, and others 
showed it was missing in other tu- 
mors too. 

All told, researchers now believe 
there may be several dozen two-hit 
suppressor genes, which when healthy 
fend off cancer growth. Scientists ex- 
pect to unveil the identity of many of 
these genes in the next few years and 
begin working on ways to repair the 
mutations too. 

While few expect new treatments to 
be available soon, there is hope that 
the findings will lead to new diagnos- 
tic tests that can detect the presence 
of mutated genes. Cancer patients 
whose cells have the highest number 
of deleted genes might have particu- 
larly dangerous forms of the disease, 
and doctors could then decide how to 
treat their disease most aggressively. 

Says Knudson, *It's all very 
satisfying." 


Webster Cavenee and Raymond White 
shared a $130,000 General Motors 
Cancer Research Foundation Prize 
awarded on June 12. 


| NRI gives you two unbeatable 
opportunities for top pay, security, 
even a business of your own. 


Everybody wants to get ahead, but most 
people want assurance те making the 
right job choice. According to the US. 
Department of Labor, jobs for electricians 
and air conditioning, heating and refrigera- 
tion technicians offer hi; 
good job prospects. Now 
how to goafter the high earnings, the steady 
pay increases, even how to be your own 
boss in a business of your own. You'll get 
all the skills to get there. No night school, 
noneed to quit your Юаш you're ready 
tomake your move. NRI trains you right at 
home in your spare time. 

No Experience Needed. 

NRI starts you with the basics, then builds 
your knowledge and skill a step at a time, 

all the while adding practical know-how 
through hands-on training. You even get 
tools you need on the job or ina business 

of your own. Over a million and a half stu- 
dents have trained the NRI way since 1914. 


Be an Electrician. 


Each year, the demand for skilled 
construction, maintenance, commercial 
and Иге шк continues to grow. 


The US, nt of Labor estimates 
that close to 00,000 new jobs will open up 
in the next ten —a conservative 


estimate compared to industry and union 
predictions. 

And few jobs can match the money-making 
potential of the qualified electrician. You 
can earn a salary in excess of $25,000 or 
be your own boss with your own electrical 
contracting business. 

Only NRI gives you this kind of practi- 
cal, job-oriented, hands-on training. 
You master practical skills like this with the 
equipment, test instruments, and training 
materials included in your course...you 
duplicate on-the-job wiring with your NRI 
Residential Wirin; ng Practical Lab®...you 
leam professional troubleshooting using 
your Volt-Ohmmeter and Clamp-On 
Ammeter to test the circuits you build up 
on your NRI Circuit Demonstrator...and, by 
installing and testing an electronic- 
табе thermostat and a micropro- 


you come to understand today's electronics 
as it applies to the latest devices electri- 
cians are called on to install and repair. 


Training in the latest need-to-know 
electronics required of today's 
electrician. 
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move from the simplest fundamentals of 
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to mastering the practical field skills you 
need to become today's electronic-smart 
electrician. Be an electrician. It could be 
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Be an Air Conditioning, 
Refrigeration, Heating 
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the steady demand for your skills in this 
field, the U.S. Department of Labor scores 
a solid hit...high earnings and good job 
prospects attract many individuals... 
because people in business depend on 
their air conditioning, heating, and refrig- 
eration systems, the need for skilled tech- 
nicians to do maintenance work has to be 
met regardless of swings in the economy. 
Add millions of window units in older 
homes requiring maintenance and repair; 
heat pumps so popular they're now as 
common as furnaces; commercial 
refrigeration alone calling for skilled tech- 
nicians to install and service walk-in cool- 
ers, freezers, ice makers, and food cases. 
Wherever you look, there's tremendous 
opportunities for the trained air 
conditioning, refrigeration, and heating 
technician. 


NRI training so complete, 
professional tools even included. 
NRI trains you for this lucrative field, gets 
you ready to land a good paying job, pick 
up extra income in your spare time, even 
start a business of your own. You're ready 
to jump right in because NRI includes the 
tools you need: system analyzer, leak 
detector, tubbing and joint tools, a top- 
quality vacuum pump for purging systems, 
plus demonstration panel units for hands- 
on systems training. Graduates of our 
Master Course also get optional free 
residential training at the world-famous 
York Institute in York, PA. 


Go after high earnings, pay increases, 
a business of your own. 

Send for NRI's free catalog. Find out what 
hands-on projects you do, the profes- 
sional tools you train with, and the future 
that can be yours. Act today. 
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California's war on smog (Continued from page 73) 


fine particulates to the plan's Tier III 
levels, the region will benefit by $9.4 
billion, or $771 per person due to less 
lost work time, fewer adverse health 
symptoms, and lower medical bills. 

AQMD counters those who feel that 
jobs are the price to pay for clean air 
with figures showing that if life in the 
basin continued without ever hearing 
of Jim Lents or his plan, the economy 
would grow by about 140 percent. By 
contrast,with the plan fully imple- 
mented, economic growth would reach 
137 percent. AQMD sees little differ- 
ence between the estimates. 


Fast-growing agency 


One area where employment is 
growing rapidly is in the AQMD it- 
self. Since Lents arrived, the Dis- 
trict’s staff has doubled to about 1,150 
and the annual budget has almost 
tripled to $100 million. 

Although the AQMD plan doesn’t 
have authority over mass transit, lo- 
cal transportation authorities are 
backing the building of a 20-mile light 
gauge rail link from Los Angeles to 
Long Beach, a four-mile heavy rail 
project, a 17-mile rail line to the air- 
port, and many others. In addition, a 
partially elevated 20-mile bus transit 
way is expected to speed acceptance 
of this form of public transportation. 
In June, voters approved Proposition 
111, which raises the gasoline tax to 
nine cents providing about $1 billion 
yearly to fund mass transit and en- 
courage car-pooling. All told, these 
initiatives could increase the use of 
mass transit from today’s six percent 
level to 19 percent by 2010. This is 
significant in light of 1985 figures 
that showed that 46 percent of the 
basin’s reactive organic vapors emis- 
sions, 59 percent of the nitrogen ox- 
ides, and 87 percent of the carbon 
monoxide came from on-road vehicles. 

Jim Lents was justa boy in Knox- 
ville, Tenn., when he had his first 
brush with air pollution—literally. 
“Soot from nearby rendering plants 
was so thick you could ruin your 
clothes just by brushing up against 
the furniture,” he recalls. “Some days 
the air would stink so bad you could 
hardly stand it.” 

In 1970, Lents had just received a 
doctorate in physics from the University 
of Tennessee Space Institute. At the 
same time, aerospace engineering jobs 
were starting to dry up due to the end 
of the Apollo program. Caught in the 
lingering activism of the 1960s and 
with a religious background that en- 
couraged public service, he drifted 
into the then-emerging field of air 
pollution control. 

Lents's first important position was 
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as technical director of the Chatta- 
nooga-Hamilton (Tenn.) County Air 
Pollution Control Bureau. Named one 
of the country's 10 most polluted 
cities, Chattanooga was so grimy that 
businessmen routinely brought an 
extra shirt to work each day. 

Art Grisham, head of the Bureau's 
enforcement division, remembers 
Lents as a brilliant technician with 
remarkable political savvy. *He's so 
soft-spoken that people want to be 
nice to him. Instead of threatening 
lawsuits, he convinced businesses to 
be innovative." Lents persuaded sev- 
eral managers that their plant's dis- 
charge might actually be valuable, 
and that a clean environment could 
go hand-in-hand with making a 
profit. Both were revolutionary con- 
cepts at the time. At one cement 
plant, for instance, they found that a 
large portion of their emissions con- 
sisted of cement that could be routed 
back to the production process. 
Another factory captured the fine par- 
ticulates in its emissions and sold it 
for industrial grinding. 

In 1979 Lents took over the direc- 
torship of the Colorado Department of 
Health's embattled Air Pollution Con- 
trol Division. There he championed one 
of the first automobile emissions test- 
ing programs outside California, over- 
seeing research that showed gasoline 
with oxygen-containing fuel additives, 
like methyl tertiary butyl ether (or 
MTBE), burned cleaner. 


Cleaner cars 


The accomplishments of the South 
Coast Air Quality Management Dis- 
trict, which encompasses Los Angeles, 
Orange, Riverside, and parts of San 
Bernardino counties reads like a Hall 
of Fame of environmental controls: 
motor vehicle emission standards, 
fuel volatility limits, stationary- 
source emissions limits, and stage- 
two vapor recovery requirements. 
Thanks mainly to laws passed in 
California, today's automobiles emit 
90 percent fewer pollutants compared 
with 1970 models. In Southern Cali- 
fornia alone, that means 350 tons of 
pollutants are not spewed into the air 
each day. 

Despite having the tightest re- 
strictions in the world, however, the 
basin still boasts the dubious dis- 
tinction of having the dirtiest air in 
the nation. It is a quirk of geographic 
fate that traps pollution in the L.A. 
area. Ringed by mountains on three 
sides and the Pacific Ocean to the 
west, the basin was known to native 
Americans as the *valley of smokes" 
long before the first car drove down 
Hollywood Boulevard. 


Lents says the consequences of 
breathing air heavy with pollutants 
can be severe: “Children from this 
area have fifteen percent less lung 
function than kids from Houston. 
Autopsies of young people killed in 
accidents have revealed lesions in 
their lungs from the ozone,” says 
Lents, the father of two. Adults are 
affected too. A study at California 
State University, Fullerton, estimated 
that each year exposure to ozone 
alone causes 120 million person-days 
of coughing, 100 million person-days 
of headaches, and 18 million person- 
days of restricted activity. 


A compromise 


Lents has tempered his ardent de- 
sire for clean air with the flexibility 
needed to accomplish a goal political- 
ly. For example, a proposed rule re- 
quiring retrofitting of power plants 
with catalytic converters to reduce 
emissions was opposed by basin utili- 
ties as being too expensive. The utili- 
ties countered with an offer to rebuild 
older plants to modern specifications, 
doubling their efficiency from 30 per- 
cent to 60 percent, effectively reducing 
the amount of pollution per unit of 
electrical output. Lents happily accept- 
ed the offer—over the objection of 
many environmentalists. 

On the other hand, the AQMD 
investigates reported polluters, and 
has veto power over the opening of 
any new business that emits pollu- 
tion. In February, the District levied 
its biggest fine ever: $1 million 
against Lockheed Corp. for record- 
keeping and paint-use violations. 

The 20-year life of the Lents plan is 
a long time; in government, it's an 
eternity. And despite his early suc- 
cesses, Lents knows that the easy 
part is past. Convincing people to give 
up aerosol sprays in favor of pump 
bottles is a cinch compared with 
overseeing the rebuilding of a cleaner 
petrochemical industry, or disman- 
tling it altogether. Passing a rule that 
says car-rental companies and bus 
companies must replace their fleets 
with clean-fueled vehicles doesn't com- 
pare with convincing auto makers to 
manufacture such vehicles or building 
the infrastructure needed to deliver 
the fuels. 

When the final page is turned over 
on the plan's calendar, Jim Lents will 
be 64 years old, and presumably 
looking back on the battles that were 
instrumental in making or breaking 
the air quality of the L.A. Basin. 
When that time comes, Southern 
California could be a cleaner, health- 
ier place to live, and so could the rest 
of the country. йз 
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Serious Optics 


We at Celestron take our optics 
seriously. For over 30 years 
we've been hand- 


crafting tele- 
scopes and 
optical equip- 
ment. 

Spotting 
scopes, like the 
C90 (1000mm, f/11) pictured, 
deliver razor sharp images even 
in low light conditions. Brilliant 
viewing and camera adaptable 
too. Or our new 70mm fluorite 
(SS70F) model sure to become a 
favorite among birders worldwide. 

Discover Celestron's full line 
of multi-coated binoculars— 
ranging from the pocket-size 
8x22 minis to a huge 100mm, 
14 power Giant binocular. 

All of our spotting scopes and 
binoculars come 
with a limited 
lifetime warranty. 
Celestron. . . 
serious optics 

for those who 
take their hob- 
bies seriously. 


CELESTRON 
Celestron International 
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Torrance, California 90503, U.S.A. 
213/328-9560 800/421-1526 
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Bauhaus with brains 
[Continued from page 65] 

To keep dirt from ruining the view, 
the exterior glass was treated with 
Clear-Shield, a commercially availa- 
ble product made by British Ritec In- 
ternational Ltd. The polymer coating 
chemically bonds to the glass, form- 
ing a water- and dirt-repellent barrier. 

The bathroom has a tub with air and 
water jets, a hand basin with a voice- 
command tap, and non-fogging mir- 
rors. Its sliding door floats on perma- 
nent magnets—especially helpful for 
those with impaired hand functions. 

A child's room is lit by flexible fiber- 
optic stalks in the ceiling; these dis- 
tribute light from one concealed bulb. 
The contour of the bed’s mattress is 
remotely adjustable, and a desk is sup- 
ported by twin columns that house a 
computer and stereo system. 

The glass walls of the master bed- 
room are made of liquid-crystal glaz- 
ing that switches from transparent to 
opaque white when you zap a sensor 
using the command key pad. 

Because telecommuting is likely to 
grow more common, the house has a 
work area with electronics equipment 
and companion materials in four col- 
umns, paired with keyboards on pull- 
out desks. “There’s a videophone ex- 
tension, and the telephones work 
through a digital house exchange, 
soon to be cordless,” my guide tells 
me. The cordless telephones will use a 
network of radio transmitters in and 
around the house, providing wireless 
communication between occupants; 
the fax also will have a cordless link 
to the outside telephone line. 

Even the roof uses new products: 
Daktech, a highly flexible bitumen- 
based material containing styrene- 
butadiene-styrene, is said to resist 
punctures, even if trod upon by high 
heels. It’s marketed by Dakwacht BV 
in the Netherlands. Another roofing 
material, also a commercial product, 
is plastic-based fabric mats impreg- 
nated with seeded soil and nutrients 
to grow grass or other vegetation. 


Movable walls 


The house’s construction was 
speeded by the use of a steel frame, 
which allowed non-load-bearing inter- 
nal walls that can be moved—like the 
partitions in an open-plan office. They 
are temporarily screwed to the con- 
crete floor and ceiling. “Thus the lay- 
out can be altered as required,” Ti- 
tulaer says. “For example, young 
families increase in number, then con- 
tract as children grow up and leave 
home. The parents sell the house, and 
people with different ideas and needs 
move in.” 

Other highlights: 

* The footings and the wall encircl- 


ing the Japanese garden were cast in 
recycled concrete—granulated con- 
crete rubble mixed with powdered ce- 
ment for bonding. The structural wall 
blocks also contain recycled material. 

* Floors are wall-to-wall 29-foot- 
long concrete slabs reinforced with 
Arapree, a high-strength synthetic 
fiber. Developed in Holland, Arapree 
avoids the considerable weight, corro- 
sion problems, and cost of steel. 

* Interior wallboard is made from 
Vagips, another Dutch idea. The wall- 
board combines shredded waste paper 
with gypsum extracted from the flue 
gases of power-station exhausts. 

* Mahogany ply external cladding 
on the house's north side is bonded di- 
rectly to the concrete wall blocks, pro- 
viding a secure and weather-tight fix 
without nails or screws. 

* Brick walls were made without 
troweled-on mortar. Instead, a fluid 
mortar was blended with short Ara- 
pree fibers and sprayed or poured on 
the bricks. It then was flattened by 
the next course of bricks. 


More updates to come 


For the next six years, the house 
will be updated to match both social 
and technical advances. “We call this 
bowed enclosure a cat's back," Titu- 
laer says of the curved glass that en- 
closes a stairwell. “It leaves space for 
future experiments with transport 
systems for disabled people." One 
idea: a device that will pick you up 
and deposit you at the top ofthe stairs. 

Using new fuels is another area for 
experimentation. "We're planning a 
solar array to produce hydrogen gas 
by electrolysis of water," says Titulaer. 
The hydrogen will be used for cook- 
ing. "Later we'll have fuel cells fed on 
hydrogen and oxygen to convert 
chemical energy into electricity." 

How does the cost of building a fu- 
ture house compare with a standard 
one? “You couldn't do much with a 
cheap house,” he says. “But a modern 
$300,000 house could have many of the 
features in this house, though not all." 

As I take a final look, I wonder if I'd 
want to live here, despite the appeal- 
ing technology. It has no cozy corners, 
and is so exposed. 

"That has advantages," says Titulaer 
slyly. He shows me an electronic pan- 
el with 32 indicator lights. "They 
show each of the doors and windows, 
and show which are open. For securi- 
ty, an added memory facility records 
which ones have been opened—even 
though they are closed again. So we 
could spot the entry point of an in- 
truder when the alarm sounds, then 
track his path through the rooms to 
nab him. He'd have no place to hide!" 1] 
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Package 013. DEL 


Remember the golden age of radio? 
This crystal radio kit сап bnng back 
‘ld memories.. Me istenng to The 
Eddie Cantor Snow. "The Green 
"Hornet “The Lone Ranger and more. 
Youl actualy be able lo ksten to your 
local statons and even experiment 
with rado waves. Easy to buló, no 

Com- 


S Now You Can Enjoy Seeing Your Old Home 
AZ Movies And Sides On Television. 
M 


Ir easy and inexpensive convert your nome mones and 
Sides 0 videotape Just piace your mame camera or side pro- 
ноот ала оси he mage ont те mm screen o! De lene. 
Converter Ат your vdeo camera mto te eg. focus an start 
топ ovni" Sereen а PRIN ML 

Go Fishing With This Mighty Magnet. 
Lift up to 200 ibs. Fun to use around docks. Featured on this page are only a few of the. 
and bridges. A most lor a boat. it heips ||. many imaginative products that appear in our 
ттеу etal object Pal lal обон 


This Clever Gadget Will 
Tell You How High You Are. 
Whether youre arming cross country or 
iunge he mountains. ns Atmeter wil 
tel you how high you are Shows eleva 
Bon Irom sea level to 15.000 feet. Can be 
mounted o dashboard with sl! schong 
ape (nci) or has pre: dried screw holes Аа hae button 
barometer Wan case. 


(p Moon-Blob, It C 
And Looks Alive As It Creeps Uphill. 


Moon-Biob has unbelievable properties 
and is fun to play with tacts aive and 
looks li а living protoplasm as it dees 
саму by tring up an out ot s con. 
Тапег 105 dehydrated plastic- just ad 
жаш о achat Comply harms. 


112 PAGE 
CATALOG 


Send for your 
copy toda) 


Rainbow Light Display. 
Dur equiteral pos mounted n a specaty 
desinet wooden tace caches те un ad 


‘ver your walis. сейл and for Its almost 


ke being inside s mulb-faceted diamond. I т ” $ 


es etie om aT Som o [| Кетиш 
ает very hobby. gadgeter, student and educator 


[i | 


(609) 541-6880 
TERT, AM ‘Special treatment 
Use VISA, MasterCard, Diners Club, Am. Exp., Discover, 
Carte Blanche or Optima. Call anytime, 24 hours а day. 
MOST ORDERS SHIPPED WITHIN 48 HOURS 


No Risk Guarantee! i! you are not completely satisfied with your purchase, return the merchandise 
in its original package and we will Лу refund your money in ful. We back our products! 
Our 45 day unconditional guarantee means you take no risk on any product you buy from us. 


es Edmund Scientific Co. 


Dept. 10D9, C912 Edscorp Bldg., Barrington, NJ 08007 


Made of cast won with machined brass | 
| operate, uses caloum carbide ~ qas. tresh ar and a spark wi | 


дд 
ВА! CE 


Full ot fun and surprises 
‘Simply chek the jump 
ing disc between your 
fingers. fub for a second. 
lay it on any 


9* 

1 

feet gh блюз. е M | Our Most Popular Science Fun Assortment 
y 


| 
ES 


wont able tore 
- Classi science demonstraton toys have amazed and intrigued 

Sets wn Pm e | Saa ma ran ges s Tot hae We and ba 

M ot | Seni cemonatatüns win ese forts 

Siames steel discs ашу = Perpetual drinking bird д $25.35 Value 

workonthesnncaieot 2 | e Whirling уос al 


* Sun-powered radiometer 
* Amazing flying bird 


Our Smallest Laser Pointer, Only 4” Long. 
Perfect For Lecturers And Educators. - 


agp, 
| a a gemon | AS 77 уолтан ADIT 
Convemence offs ust Г Dos ono yor 


Y ST pocket е pen and jou Nave 2 уи pret or 
колоде, isan educators 4 oor lor Sot presentato. 
tama Al you | бургу; n sa metings” бану е В avet one Ioui 
peed are || ҮЗ CREJ 


ste ots wot | Great AM Radio Reception With Seiect-ATenna, 
Tip water in, Listen To Station WOR N.Y. When In Boston. 
Роот and | This new antenna мін bring in those weak, distant, 
Prplanston o! | AM radio signals loud and clear 
Seentie prin- | You nw get exceten radio ce 
Bes ciu | ton on al AM ster. Spect 
| Terna tms your AM rado wio a 
КТЕН 
Bull n sttons fom contenu 
Our Amazing Happy Bird 05 Employs mutually inductive 
Never Stops Кушу: 
| Drinking! 1 - TM 


Fly Pow 
Learn пе seco ames 
"o Ine power ot he common 
Wy. oss Gare. 
tay flow in 


‘thermodynamics. Heat 
(rubbing ne dcs) mates metal 
expand а соо! surface makes 4 
contact 12 jumping Quarters 

P142.099 $3.95 


Make Your 
| Own Wild 
Tornado. 


| QurToradoTube. 
| assemblyalows. 


SPECIAL $6095 
PRICE 


S The Apphed Laser Systems. 
Taser Pottier а тоот im. 
mtr дев and йоду нер 
Griy Zounces ute na poner sS 


structions for 
buiding te ony 

псе paper ar 

plane Then catch a Пу tor your jet power. Materai or vo 

aplanes: gung required (not inci) And. you can buld a 

i ln win wo Wes or even rer power Paca o! 

2 planes P38,733 86.08. 

Fascinating to watch. Simply | эчү Your C 
ich te buras head into з шз Build Your Own 


ol water to begin happy birds | Nuclear Power 
bobbing movon. Then te brd | Plant Model 


Ideal HO Scale 


ТТТ Background 


Y 
\ qj Structure. 


takes over continuously dipping 
onto he water for a drink 
15,065 $1.95 


Newton's Third Law 01 
Motion Demonstrated 
With The 5-Ball 

Swinging Wonder. 


Based on Three Mie island, this detailed 1/60 N scale it 
as 79 parts moded n colors Incudes containment buiding, 
| cooing tower and generator staton on a M x 16 base Stack 
| 1543 nign. For ages 12 зла over > PIB6,TI8 $1.98 


The Handboiler, 


A Demonstration Of Physics. 

"Watch the liquid contained within the glass 
chambers appear to “boi” from the warmth of 
your hand that increases the vapor pressure 
Within he chambers. The warmer your hand, 
‘he better t works in this unusual demonstra: 
ton of physics. 5 


< “Flash Rocks. 


‘Strike them together and see 
{amazing flashes inside the rocks! 
The source of light is а miniature 
"lightning Mash that occurs in 
PRE quana raten win eros Is atus Pero eet 


їз hard to put down once you 
Start рап with Swing one of 
‘he nickel plated balls and watch 
the one on the opposite side 
swing back. Consists of § bals 
Suspended by monofilament to 
The wood tame Qr 


== 
1 Edmund Scientific Co. 
Dept. 1009, C312 Edscorp Blog. 
Barrington, NJ 08007 
METHOD OF PAYMENT: 
С Check eniosed C1 VISA 
DWaseCeo —— C Diners Cus 
С Amencan Express. О Сапе Blanche 
Озо бри 


STOCK NO 


[сут 


[E 


Base MasterCard ony) 
Signature. 


RUSH FREE 112 PAGE 
FULL COLOR CATALOG 


1n N) Add б Sales Tax 


Ада S2 60 lor 
postage and handing. 


TOTAL ENCLOSED 


State 


—— Serving Science Hobbyists Since 1942 


лә. 


UNLEASH THE GLASS! 


"COBRA is a trademark of Ford Motor Company. Classic Roadsters’ 
products have no connection with Ford, 


Why build a Classic Roadster? Because it’s fun and 
rewarding. Thousands of people, like you, have built 
and are now driving their own Classic Roadster. Our 
kits are engineered for easy assembly and years of 
durability. And, quality is guaranteed. 


Experience the thrill of assembling and driving your 
own sports car today. Now with V-8 power! 


"Whether you're looking for a factory built roadster 
or want to build your own from a first-class kit, Classic 
Roadsters is the way to go." — The Editors, 

Kit Car World 


9.9 BANK FINANCING NOW AVAILABLE 
Call today for details. 
CALL FOR VIDEOTAPE 


OR FREE BROCHURE: 1-800-444-4446 :::. 


Canadians Call: 1-800-437-4342 International Export (701) 293-8866 
сач шол теи ры шы юш шы 
3322 


THE MARLENE, 36 Mercedes 500 K reproduction 


Also available: Jaguar, MG and 
4-passanger Mercedes 
Reproductions. 


ни ши ши ee 


Please send me the following 
EasyTo-Assemble Kit C Custom Built Name = 


А) © FREE Color Brochure Phone (day) L ) = 
В) C ($500) 16 pg. Product Catalogue, plus 24 d 

pgs. of company, component & pricing info Phone (ev) ( ) 
C) C ($15.00) VHS Videotape (corporate & model Address 

profile) plus “В'' literature pkg. E 
D) E (82.00) Business Opportunities Report City Ese 
MN. un 0r. Classic Roadsters, Ltd. 

[ 7 = 1617 Main Ave., Fargo, ND 58103 


eee 


World's 
Largest 
Manufacturer 
Of Portable 
Sawmills 


1, 


Four Models То Choose From 
BUY DIRECT 


1(800)553-0219 


In Indiana call: (317) 271-1542; 
44-page calalog or use 
your MasterCard or VISA 
to order our 50-minute 
demonstration video-$10.00 
Wood-Mizer Products, Inc. ө Dept E51 
8180 W. 10th St., Indianapolis, IN 46214-2430 


Jerrold, Pioneer, Scientific Atlanta, Oak, Zenith, Bagle 
and other famous manufacturers 
Best Retail/Wholesale Prices 
30 days money back guarantee 
FREE ic page Catalog 
cai tot Free: 1-800-445-9285 


U.S.Cable T.V. Inc, Dept: K889 
4100 N.Powerline Rd., Suite F-4 
Pompano Beach, FL 33073 
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The photo and laser cops 


[Continued from е 69] 

", mile of the sniffer to be detected. 
The VG-2 is expensive (about $1,500), 
but it is effective and easy to operate. 
Ontario police expect to quintuple the 
10,000 detectors they seized yearly 
before the VG-2 was available. 

But some police departments spy 
on the roads from aircraft; enter the 
Spybuster. Made by Electrolert Inc. of 
Tipp City, Ohio, this four-ounce $280 
black box is, in essence, an aircraft 
detector. The FAA uses ground-based 
radar stations to help monitor the 
position of aircraft. Microwave energy 
transmitted from the ground and re- 
flected (transponded) by planes is 
used for surveillance. Spybuster lis- 
tens for the signal from an aircraft's 
transponder and sounds an alarm 
and displays a range indication on a 
four-LED readout. It's up to the driv- 
er to decide if the warning indicates 
friend or foe. Spybuster's maximum 
range is about six miles. 


Eyes and ears open 


Another technique is to keep your 
eyes and ears open for all sources of 
warning. The Trident System, made by 
Trycomm Information Systems of 
Fisher, Ind., packs three pieces of 
highway electronics in one 24-ounce 
instrument-panel box. Containing a 
radar detector, a citizen-band receiver, 
and a police-radio scanner, this $364 
traffic-information device was devel- 
oped by a team that includes two of 
the Indy-racing Unsers, Bobby and Al Jr. 
State, city, and county police frequen- 
cies are programmed in the Trident 
and selectable by state; National 
Weather Service broadcasts are avail- 
able. The search rate of the scanning 
receiver is 60 channels per second. 
The radar detector uses an audible 
warning and eight LEDs to convey 
signal strength. The CB receiver can 
listen to all 40 channels. 

According to a Trycomm representa- 
tive, the Trident is currently back-or- 
dered, and no unit could be supplied for 
our assessment. 

What does all this mean to the driv- 
er behind the wheel? Without any ef- 
fective countermeasures against the 
latest speed-detecting hardware, mo- 
torists are right back where they were 
before radar detectors came along. 

There is one consolation. Because 
these new tools are claimed to be 
more accurate, there may be less 
chance of a driver becoming the in- 
nocent victim of an erroneous or mis- 
interpreted radar-gun reading. The 
devices will still require periodic 
calibration and educated traffic of- 
ficers to operate them, but it’s a fair 
bet that the driver who gets cited is 
the one who was violating the law. з] 
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CATV CONVERTERS 
AT LOWEST PRICES 


Panasonic, Jerrold, Tocom, 
Pioneer, Scientific Atlanta, 
Zenith, Oak, Hamlin, Eagle, 
and all other brands 
Microwave Antennas the amazing new solution to 
(wireless cable) with matching rotary trimmer line problems 
descramblers Ё No more trouble with trimmer line 
ai et i — never buy line again! 


р 


= Wa Easy to install on your gas trimmer. 
Call Mon-Fri 10AM - 5:30PM 
Eastern time or write for Cuts through tough weeds, 


FREE CATALOG d briars and grass. 
Keeps your rotary trimmer in 


business. 
* Guaranteed to save you time! 
TO ORDER CALL TODAY 


1-800-262-5122 


(Call for dealership inquiry) 


( )VISA ( ) M/C f Exp. Date. 
(_ ) Check enclosed for $21.95 plus $3.00 postage and handling. 


UNI RSAL Your Trimmer Make Model #. 
ES ни еы 


Street 


520 GLENBROOK ROAD, SUITE NO 2 А 
STAMFORD, CT 06906 City State Zip 


owes ony, 1-800-622-9022 Send to: WEED WIZARD, INC., P.O. Box 275, Dahlonega, Georgia 30533 
(203) 975-7543 


Do-It-Yourself Kits Ё NOW! Get in on the PROFITS in LEARN VCR 


SMALL ENGINE REPAIR CLEANING/MAINTENANCE/REPAIR 
А Work part time, fulltime — EARN UP TO $1000 A WEEK, WORKING 
Factory Direct a koma ace PART TIME FROM YOUR OWN HOME! 


Clocks arid Furniture 


No doubt about it. . . as a small engine—4. 


pro, you can cash in on the huge de JA 
mand for qualified men in one of Amer- 
Also Assembled | | 13% asiett growing mduetras Yoo. < 
and Finished be able to command top hourly rates of from 
$25.00 to $30.00 per hour — and that's just 
W Grandfather Clocks, for labor. | 
Mantel and Wall Clocks | Plenty of business waiting for qualified men. 


* | 65,000,000 Small Engines Are In Use Today! | 
тоз. Tables, Chairs. | | Thats the official count from the Engine Service Assn. and 
one-million new engines are being built each month. With 
I Solid 3/4" Black Walnut, Foley-Belsaw training, you can soon have the skill and 
Cherry, or Oak knowledge to make top money servicing these engines 


WHeirloom Quality 


WSolid Brass West German 


Movements and Dials THE MONEY MAKING OPPORTUNITY 
OF THE 1990'S 


Money Back Guarantee 


IF you are able to work with common small hand 
| tools, 
IF you possess average mechanical зу and have 


Professional Tools and Equipme 
All YOURS TO KEEP... All at No Extra Cost. 


NO EXPERIENCE NECESSARY! 


FACT: up to 90% of ALL VCR malfunc! е due 


Гат to simple MECHANICAL ог ELECTRO- MECHANICAL 


interested in You don't need to be a ‘born mechanic’ or have any prior breakdowns! 

a pork оше Kits experience. Lessons are fully illustrated... so clear you FACT: over 77 million VCRs in use today nationwide! 

ЫТ k can't go wrong. and with our famous ‘learn-by-doing’ | Average VCR needs service or repair every 12 to 18 

е COLOR Atos a method you get practical ‘hands-on’ experience. months! 

ГАРАВ Viejo's 400 PAGE TRAINING MANUAL (over 500 pho- 
tos and illustrations) and AWARD-WINNING VIDEO 

Street TRAINING TAPE reveals the SECRETS of VCR maint 

City nance and repair - "real world" information that 

State Zip NOT available elsewhere! 


Also includes all the info you'll need regarding 
the BUSINESS-SIDE of running а successful service 


operation! 
2 FREE INFORMATION 
| TOLL-FREE 1-800-537-0589 
State Or write to: Viejo Publications Inc. 
3540 Wilshire BL. STE. 310 
Los Angeles, CA 90010 Dept. PS 
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EMPEROR | spores 
K COMPANY 

of Grandfather Clock Kits lom 


Worlds 


t 
Faimope. 


‘Northern’ 


Where the Pros and Handymen Shop 
ORDER TOLL FREE 


1-800-533-5545 


Sale Prices Good Thru 9-30-90 KEY #90664 


SAVE TO 50% 


One Swing 
Log Blaster 
121b. Lumberjack logsplitter maul. All steel with 
cushioned grip. Splits most iogs with one stroke 
35-1/2" long. 
йет# 11911 


Sale $19.99 
via 


Solar-Powered 
Battery Maintainer 
Helps keep your 6 and 
12-Volt batteries at full 
charge. 36 solar cells 
create a current that 
counteracts battery drain. 
TI-VZ'Lx9-3/8"W x З/4"Н. 


Generator 

8 HP Tecumseh engine 
has cast iron sleeve. 
Itemit 16425 

Sale $399.99 
4000 Watt 12 Volt 
Electric Start 

Кет 16426 


Sale $499.99 


20 Ton Vertical/Horizontal Log Splitter 
Splits 24" logs in horizontal or vertical position. 
40,000 lbs. of power. 6" x 6" H-beam with 4" bore x 24° 
stroke cylinder, SHP engine, 11 GPM cast iron 
lage pump, auto-return valve. 
Item 1160 


Thousands in stock! 
3 - 23 HP, horizontal and 
vertical shaft. 

Horizontal Gas Engines 
46051 SHP $134.99 
#6081 BHP $199.99 
#6010 10HP $239.99 


Homelite 


Super XL Saw 

3.5 cubic inch engine. 
Automatic and manual 
chain oiling and 16" guide 
bar. Solid State ignition for 
smooth operation. 

етй 1927 


Sale $299.99 


Tie Rod Cylinder 

4" x 24" x 1-3/4", 34- 1/4" 
CPCD. 1" pin. 

Нет# 909424 


Sale $124.99 

" 

Y 

es "ob s 
16GPM 7 
2-StagePump 8 
Pair this pump with an 8 
HP or larger engine. 1/2" x 
1-1/2" shaft, 1" inlet tube, 
1/2" NPT outlet. Max. RPM: 
3600, max. pressure: 3000 
PSI. Output @ 650 PSI 
16.0.42GPMQ2500PSI 


ід 
Splitter om 
Detent Valve 

For open center systems. 
Relief valve adjustable to 
2750 PSI, preset at 2250 
PSI. Flow rating up to 25 


gal/min. Built-in relief 
valve ports. Detent 
release 600 to 2000 PSI. 
етв 2020 пет 1056 

Sale $52.99 Sale $111.99 


Shipping not included 


Send for your FREE 13 
DISCOUNT CATALOG! 


age 


Key# 90664 — SEND TO NORTHERN: 
Р.О. Box 1219, Burnsville, MN 55337-0219 


106 | POPULAR SCIENCE SEPTEMBER 1990 


Say, Smokey~” 


Adinic on cars by Smokey Yunick, America’s most famous mechanic 


Transmission trading 


The manual transmission on my 1980 
Chevrolet Citation has gone through 
five clutches. Do you think it’s possi- 
ble to replace the manual with an au- 
tomatic transmission? 

Earl Ramsden, Belmont, Vt. 


You could replace your manual gear- 
box with an automatic, but in my 
opinion it isn’t worth the cost. Instead, 
make sure the rear main seal isnt 
leaking oil onto the clutch and check 
the condition of the motor mounts. 
When the present clutch needs re- 
placement, install a clutch disc with 
metallic lining and a heavy-duty pres- 
sure plate. Remember, too, that the 
service life of a clutch depends as 
much on the habits of the driver as the 
material it’s made of. 


Shock swap 


I own a 1989 S-10 Blazer and I’m 
considering changing the shock ab- 
sorbers to get a smoother ride. I live 
in Chicago, where winter tempera- 
tures can go down to minus 15 de- 
grees F. In these conditions, which 
would be better, air or gas shocks? 
Dave Nowak, Chicago, Ill. 


In your case I would recommend gas 
shocks, because they are less sensitive 
to temperature extremes. Unless your 
present shocks are badly worn, you 
shouldn't expect much of a change by 
putting in different shock absorbers. 
Remember, though, that a change to 
softer riding shocks will affect the ve- 
hicle's handling balance, so don't let it 
catch you by surprise. 


Missing coolant 


I recently bought a 1986 2.5-liter 
Oldsmobile Cutlass Ciera with 56,000 
miles on it. Over the past several 
months, the engine has begun to con- 
sume coolant. I need to refill the cool- 
ant recovery tank every three to four 
weeks. The oil appears normal, and 
the exhaust doesn’t contain white 
smoke or steam. What’s wrong? 

Chris Scarba, Tresckow, Pa. 


Coolant systems on modern cars oper- 
ate at a pressure of about 20 psi and 
can be a little tricky to trouble-shoot. 
As the coolant draws heat from the 


engine, it expands, developing pres- 
sure in the system. As a result, the sys- 
tem must be leak-proof to 20 psi. Start 
by looking at the pressure cap and 
seal for leaks, and check that the ther- 
mostat is operating correctly. The next 
step is to check for a properly sealing 
head gasket and that the cylinder 
head doesn't have any cracks. Finally, 
check the recovery tank plumbing for 
cracked, broken, or misrouted tubing. 


Thermostat questions 


Would replacing a car's original- 
equipment thermostat with one that 
operates at a lower temperature—say 
changing from a 195-degree-F ther- 
mostat to one rated at 160 degrees 
F—add life to the engine by reducing 
wear and preserving oil quality? 

Thomas Paciorkowski, Bayonne, N.J. 


Don’t try to second guess the engineers 
who designed your engine. Electronic 
engine control systems set the ignition 
timing, fuel mixture, and emissions 
control functions based on data from 
the water temperature sensor. Alter- 
ing that temperature will hurt fuel 
economy and cause poor performance. 
True, high engine temperatures accel- 
erate wear and break down oil, but 
the factory-recommended lubricants 
can tolerate the high-temperature op- 
erating environment of todays engines 
and still provide adequate protection. 


I have a 1989 Ford Thunderbird that 
doesn't have anti-lock brakes. How- 
ever, the brake pedal pulsates, and 
there is a vibration in the steering 
wheel when I press on the brakes. 
What's the cure? 

Raymond Martoccia, Freehold, N.J. 


You'll have to work closely with your 
Ford dealer to solve this problem, as 
it is a common recall item. The most 
common cause of brake-pedal pulsa- 
tion is a drum that is out of round (for 
drum brakes) or a variation in rotor 
thickness (disc brakes). This usually 
occurs as a result of the brakes over- 
heating. The only true way to remedy 
this situation is to machine the rotors 
or drums until they meet original 
specifications. Also, make sure they 
are not being distorted by overtight- 
ened wheel lugs. 


How to build a high-paying career, 
even a business of your own, 


in computer programming. 


sat 


RICK BRUSH, 
NRI PROGRAMMER/ANALYST 


Start with training that gives you 
hands-on programming experience 
—at home and at your own pace. 
Training that begins with BASIC, 
then continues with Pascal, C, and 
COBOL-today's hottest computer 
languages. Training that even 
includes a powerful IBM-compatible 
computer, modem, and program- 
ming software you keep. 

Start with real-world training. 
The kind of training only NRI 
provides. 


Now with NRI's new at-home training 
in Computer Programming, you can be 
one of today's highly paid, creative 
team of computer wizards who give 
computers the power to carry out an 
astonishing range of business, profes- 
sional, and personal applications. Now, 
with NRI, you can be a computer 
programmer, ready to build a high- 
paying career —even a business of 
your own — making computers do 
anything you want them to do. 


The only programming course 
that includes a powerful 
computer system and 

software you keep. 
Unlike any other school, NRI 
gives you hands-on programming 
experience with a powerful IBM 
compatible West Coast com- 


puter system, including 2400 


T 
l 
Only NRI gives you an IBM-compatible computer with modem, I 
640K RAM, disk drive, monitor, and software—BASIC, Pascal, C, 1 

+ 


and COBOL—all yours to keep! 


immi bainha) i a ni 00008 


come a 


baud internal modem, 640K RAM, 
disk drive, monitor, and invaluable 
programming software—BASIC, Pas- 
cal, C, and COBOL—all yours to keep. 
You get the experience and the 
know-how, the computer and the 
software to get to the heart of every 
programming problem, design imagi- 
native solutions, then use your choice 
of four key computer languages to 
build original, working programs. 


No matter what your background, 
NRI gives you everything you 
need to succeed in programming, 
today’s top-growth 
computer career field. 

You need no previous experience to 
build a successful programming career 
with NRI training. Indeed, your NRI 
lessons start by walking you step by 
step through the fundamentals, giving 
you an expert understanding of the 
programming design techniques used 
every day by successful micro and 
mainframe programmers. And then 
the fun really begins. 


C, and COBOL. Then, rounding out 
your training, you use your modem to 
“talk” to your instructor, meet other 
NRI students, even download pro- 
grams through NRI's exclusive pro- 
grammers network, PRONET. 


Your career in computer 
programming begins with 
your FREE catalog from NRI. 


For all the details about NRI's at-home 
training in Computer Programming, 
send the coupon today. Soon you'll 
receive NRI’s fascinating, information- 
packed, full-color catalog. 


Open it up and you'll find vivid 
descriptions of every aspect of your 
NRI training. You'll see the computer 
system included in your course up 
close in a special, poster-sized foldout 
section. And, best of all, you'll find out 
how your NRI training will make it 
easy for you to build that high-paying 
career—even a business of your own—in 
computer programming. 


You master today's hottest computer languages, galning the skills you need to 
bulld programs for a wide variety of real-world applications. 


With your personal NRI instructor 
on call and ready to help, you use your 
computer and software to actually 
design, code, run, 

debug, and 

document 
programs in 

BASIC, Pascal, 


Send for your NRI catalog today. 
It's yours, free. 

If the coupon is missing, write to us at 

the NRI School of Computer Program- 

ming, McGraw-Hill Continuing Educa- 

tion Center, 4401 Connecticut Avenue, 

NW, Washington, DC 20008. 


IBM is a Registered Trademark of the IBM Corporation 


pm—————————————————-—- 
| ү, 24 School of Computer Programming [ 
McGraw-Hill Continuing Education Center mie I 
4401 Connecticut Avenue, NW UM I 
Washington, DC 20008 ^t і 
YES! Please rush me my FREE catalog describing NRI's I 
at-home training in Computer Programming. I 
_ МАМЕ (please print) ^x | 
ro | 
CITY/STATE/ZIP : 5412-090 і 
‘Accredited Member National Home Study Council 
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The “OFF-LAWN” Mower 


At LAST!...a machine that 

makes your entire property 
more useable, accessible 
and beautiful! 


If you have over an acre of land, the 
TROY-BILT TRAIL BLAZER® Sickle 
Bar is the perfect “off-lawn” mower to 
cut grass, weeds, even light brush of 
any height in all types of terrain. 
* Amazingly fast!.. 

cuts 1,500 sq. ft. of overgrown 

weeds in under 5 minutes! 
* Blaze nature trails for 
walking, hunting, skiing, snowmobiling. pace i ЖЕР 
Enhance the beauty o£. | 5, suu Co. Dept. A2239 
your place by clearing unsightly suckers, | 102nd St. and 9th Ave., Troy, N.Y. 12180 
vines and bushes. YES! Please send me your FREE Catalog on how 


av асе, too! |! the TROY-BILT TRAIL BLAZER Sickle Bar can 
° ни ao enfer кси ре д 1 elp me unlock the fll beauty and enjoyment of my 


property...plus details on prices, models and savings 


spots and poison ivies, oaks or sumacs. now in effect! 317 g 
NAME H 

For Your FREE Catalog ADDRES. H 
Call 1-800-453-5600 Dept. 2239 cny E 
or Mail This Coupon TODAY! ҮТЕ " H 
Also Available in Canad уйи) ae ee | 


CABLE TV 
DESCRAMBLER KITS 
JERROLD SB-3 TYPE. .... $29.00 


CALL 


JERROLD TRI-MODE . 
UNIVERSAL TYPE. 
Chamel 
CABLE CODVERTER. ..... $69.95 
Jerrold 400 with remote control 
Re-manufactured with new remote 
CALL; TOLL FREE 
1-800-332-3557 
VISA, MasterCard and COD. 
FREE CATALOG 
Outside USA call 1-508-699-8935 
add $3.50 S+H, $6.00 outside USA. 
D & D Electronics. Inc. 
PO Box 3310-0P 
П. Attleboro, Ma. 02761 


Make‘25to‘100 per hour 
wih Badge A Minit 


Yes, it's really possible by making 
and selling bright, colorful Badge- 

A-Minit buttons. Buttons are 

proven money-makers at fairs 

flea markets, conventions, or 

anywhere people congregate. 

They re fast and easy to make 

with Badge-a-Minit and 

inexpensive! 

Send for a FREE Full color 

catalog and idea book, or 

send for a Starter Kit only 

$29.95 plus $1.75 shipping 

(IL residents add $1.87 tax) 

BADGE AMinl, Dept PS990 

348 North 30h Ra, Box 800, LaSane, IL 61301, Phone (815) 224-2000 


Find your dream home in these six exciting 
volumes packed with proven, Ессе В 
home designs. Order your favorite са! 

ог send for the complete collection, m 
over 4,050 illustrations in 1,136 pages! All 6 
books for only $19.95! 


‚ 1250 HOME PLANS 


г--===---=-=-=-------4 
| @ HOME PLANNERS, INC. 

| Dept. Bk. 3275 W. ina Road #110, Tucson, AZ 85741 

VE ph e eed Rod ease 

О (1) 315 ONE STORY HOMES 

(under 2,000 sq. ft.) $4.95 

ы | C) (2) 210 ONE STORY HOMES (over 2.000 sa t) $495 
lo (3) 150 1-1/2 STORY HOMES $3.95 

C (4) 360 TWO STORY HOMES $8.95 
| (6) 215 MULTI-LEVEL HOMES $495 

LJ (6) 223 VACATION HOMES $4.95 


| 
l 
l 
l 
l 
l 
l 
1 
| 
l 
l 
l 
l 
l 
l 
l 
l 
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FREE! | С @ NEW DESIGN PORTFOLIO $3.95 
Purchase two or more of | C SEND ALL 7 BOOKS AT $19.95 (A $34.85 VALUE) 
‘our planbooks at regular | Name 
rice and receive free this 
IEW DESIGN PORTFOLIO l 
featuring 75 of our newest | dress. 
creations. Also sold 1 
separately at $3.95. |с” Zip 
1 
1 
1 


Satisfaction Guaranteed! Credit Card | 50560979 9С Smeta PSMOS 
Orders Call Toll-Free 1-800-322-6797 | Кіспете Ours S Mt оне Б © 
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PROTECT YOUR VALUABLES! 


The TRACE MARK im- 
presses your identifica- 
tion code discreetly and 
permanently to most 
firm surfaces, Magnifi- 
cation reveals a clear 
impression for positive 
1D. Recommended by 
police and insurance 
‘companies for: 
cameras «jewelry 
+ electronics * firearms 
* elc. 
(800)243-3543 
MICROSTAMP CORPORATION 
GB 2770 E. Walnut St. Tel. (818) 793-9489 
Vh Pasadena, СА 91107 Fax. (818) 793-9491 


Excellent 
Dealership 
Opportunities 


` 


Or More Рип! 


4' PARASCENDER 


Man's oldest dream соте true! Yearround family fun! You have to 
see this craft to beleve it. Fascinating with complete 
information on the safest most unique aircrat ‘conceived by 
man Destined to be the hottest selling aircraft in the world. Video in 
VHS, Beta or PAL. Add $10 for Beta, $20 for PAL. Add $2 S/H for 
Canadian, $10 Foreign, U.S. Funds Only. WA Slate, add 75% 
Send check, money order or call tor COD (U S. oniy) 


0; 
Video and into Pack 


ONE RCR. АНІ ind Dealer Info Pack $23 


7641 FAX: 509-457-0792 


Which symbol 
represents a 
variable inductor? 


— — 


a 


dL... 


What are out-of-phase signals? 


Heath Video Courses 
speed your learning curve! 


Learn basic electronics at home at your own 
pace with four, 60-minute video tapes. Know 
the variable inductor symbol. Recognize a PN 
junction. Understand oscillator fundamentals. 
Clearly SEE what most basic electronic books 
can only describe. 

DC ELECTRONICS. Covers electron move- 
ment to troubleshooting and repairing a 
simple electronic circuit. EV-3101-A. 

AC ELECTRONICS. Follow-up to DC Electron- 
ics. Covers the principles of AC, voltage and 
electrical measurement. Includes motors, 
generators and test instrument meter 
movements. EV-3102-A. 

SEMICONDUCTORS. Complete the DC/AC 
videos and you're ready to learn how semi- 
conductor devices are made, plus the 
principles of discrete devices, integrated 
circuits & optoelectronic devices. EV-3103-A. 

CIRCUITS. Complete the basic 
course with amplifier configurations, biasing, 
coupling, audio amplifiers, closed-loop vs. 
open-loop operation and more. EV-3104-A. 

An activity-filled workbook and explanation 
of how to solve each problem comes with 
each tape so you learn three ways — video, 


We accept VISA, 
MasterCard, American 
Express and Heath Revolving 
Charge card. Use Order Code 601-022. 


ath 


Benton Harbor, MI 


Call for а FREE catalog 1-800-44HEATH. 


"Price does not include 
shipping and handling, 
or applicable sales tax. 


‘©1990, Heath Company 
‘Subsidiary of Bull Data Systems, inc. 


Auto Racer Irvin Allen 


proves FluroCote claims!! 
14,000 miles after treating his car with 
FluroCote Irvin Allen drained the oil out 

of his Datsun 280Z and drove around 

а race track 9 times. Oil was then put 

back in the car and he drove away. The 
engine was not harmed. 


FluroCote Friction Reducing Motor 
Treatment can give your engine 
maximum protection. Delays costly 


time consuming overhauls even in 
older models. FluroCote is produced_— 
using PTFE, the most slippery 
lubricant known. Itis a metal 
treatment (not an oil additive). 


50,000 
More Miles 
Of Protection 


Engine, Transmission 
and Radiator 


Whether it's 
Raci 


жан 


ONLY ONE TREATMENT 
EVERY 50,000 MILES 

Ой is used as a carrier to coat the metal 
surfaces. FluroCote is guaranteed to 
reduce or prevent internal motor friction 
Compatible with all petroleum or synthetic 
oils. Proven by leading auto racers and 
PTFE was used by the American 
astronauts on their trip to the moon. 


Street 


9% Off-Road 
Harry Hibler, Publisher HOT ROD Magazine says - 
“| added FluroCote to the crankcase of my Ford 
Ranchero. Engine idle speed increased by over 
100 RPM without any other changes. Am now 
checking fuel mileage economy.” 


ORDER TODAY TOLL FREE 


‚ТЕТ. 1-800-999-1995 


‘Sage TAYLOR ENTERPRISES INTERNATIONAL, INC. I 
202 W. Hillcrest Ave., San Bernardino, СА 92408 IL. 


КИЛЕ or highway driving 


COMPARE THE 
DIFFERENCE 

See for yourself why 
you get more for your 
money plus the best 


FiuroCote contains 
appox. 300% more. 
PTFE (polytetrativoro 
ethylene) than any 


Other brands FluroCote Wading competitor, 


Try it today . . . Treat your engine right !! 
FluroCote is one of the newest top quality lubricants 
available today - proven conclusively by scientific 
means to stop friction within an engine. The hotter 
the engine gets the more FluroCote bonds itself to 
the metal parts of the engine. The tighter the bond 
the less friction the engine has assuring T: Б 
Y 


© \ 


of quicker cold starts, less engine drag, 
better mileage and longer, trouble free 
dependable engine life. 


^ "Does it work - 
you bet it does !!"" 


says Ken Taylor, Pres. of Taylor Enterprises, 


|] and FluroCote is backed by a written money 


back guarantee and insurance policy. < 


And for only $19.95 в ог. bone (+ $2.00 SH) 


High Performance 


© 


Keeps working 
_while you drive. 


MONEY BACK GUARANTEE 


Тат enclosing $. (519.95 + $2.00 SH) 
‘add 6% sales tax. 

isa МС__ Discover 
Exp.Dato, 


Zip 


I Signature 
1 For complete information send $2.00 refundable on frst order. 
1 Mail to: TEI, Inc. Dept. PS 

202 W. Hillcrest Ave. - San Bernardino, CA 92408 


CABLE TV 
DESCRAMBLER LIQUIDATION! 


* Major Makes & Models! 

* Will match or beat anyone's prices! 
* Dealer discounts at 5 units! 

* Examples: 


HAMLIN COMBOS 
OAK ADD/ON 
OAK M35B 


$44 ea. (Min. 5) 
$40 ea. (Min. 5) 
.. $60 ea. (Min. 5) 


WEST COAST ELECTRONICS 
For Information: 818-709-1758 
Catalogs & Orders: 800-628-9656 
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Control Water Weeds 


Amazing new Underwater Harvesting Tool! 
the WATER-WEEDER™ Harvester 


“Works just like a 
hedgetrimmer 


3 —== 
Cut aquatic vegetation from a boat, from a dock 
or by wading in from shore. Control weed 
growth the environmentally safe way. 
Satisfaction Guaranteed or money back! 
Call or write today for FREE information package. 
TOLL FREE 1-800-552-1217 


T 
Waterside Products Corp. 
РО. Box 876, Lake Mahopac, New York 10541 


This VET Did It - and YOU 


"War injuries left m 
badly handicapped, but 
now I'm a financial success 
аз а Locksmith, thanks fe 
your training. m 
work is fascinating: can 
пуробу - 
sien Johs Larned, Kan. 


Glen Johnson, La! 
Make Up to $26.00 an Hour — even while learning! 
FAST 


кв Be a LOCKSMITH 


If you enjoy fixing things, you're a "natural" enable you to get your share of this always- 
to make hundreds RA DOLLARS a profitable business. Hundreds we've trained 
in the fascinating business of Lock- are doing it. So can YOU. 


y 
smithing. ing crime has increased de- i " 
mand for service a thousandfold. Yet there's Malt COUPON (о eie maney coming iv dtr. 


only one Locksmith for every 17,000 people! ing spare time—or in your own full-time 
COLLECT CASH PROFITS ALMOST AT ONCE! business. Ideal for retirement—good jobs, too. 
You're "in business" ready to make $10 to $26.00 FOLE¥BELSAW INSTITUTE 
ап hour a few days after you begin Foley- эст Equitable Ра. d, Dept, 1 11856 


Belsaw's shortcut хаби: Easy illustrated les- 
н Кат тїтїп, Del.—"! make $50 а 
week extra." 
R. Davis, St. Louis, Mo.—"I cleared $110 last 
Saturday." 
Ed Boyle, Pittsburgh, Pa.—'"My business goi 
at top speed. I'm moving to bigger quarter: 

FOLEY-BELSAW Е 


Train 


? ALL TOOLS YOURS TO KEEP 


THIS DO-ALL PRO 


KEY MACHINE YOURS 
TO КЕЕР!Й ү, 


ác „Сап add S50 H Address 
more and M civ 


sons complete with ALL practice equipment 
PLU: 
INSTITUTE FOLE 
6301 EQUITABLE RD., DEPT. 11856 
KANSASCITY, MO 64120 


Rush FREE book, “Keys to your Future.” 


GET RID OF YOUR GUTTERS! 
THEY CLOG, LEAK, FREEZE, RUST AND ROT. 


lace them with the 
к ALL system. 


STOP CLOGGING. 
WEATHER-ALL 
needs no cleaning, 
because it cant 
clog. Its patented 
louvers break up 
roof water into a 
spray of tiny drops 
and disperse them 
away from your 
house. 


STOP CLEANING. 
You'll neverclimba 
shaky ladder again 
to clean a gutter 
WEATHER-ALL 
comesclean with a 
quick blast from 
yourgarden hose — 
from ground level. 1 
STOP WATER Quail Run #31, Madison, CT 06443 
DAMAGE. Please send me your free information kit. 
Inwinter WEATHER- 


| 

I 

l 

ALL protects your | Name І 
—€—— NI 

l 

| 


WEATHER-ALL has been installed in 
over 12,000 homes nationwide. And 
can be installed in yours in about 3 
hours with ascrewdriver. WEATHER- 
ALL is virtually invisible, rustproof, 
and comes in white, brown or 
aluminum finishes. 


For more information, send the coupon 
to WEATHER-ALL, Dept. Quail Run 
*31, Madison, CT 06443 or 
Call 1-800-942-3004. 


Weather.All. 


| Dept. PS90 


investment byhelp- | Address 
ing to prevent clogs 
and ice dams on 
the roof that lead to 
water rot and leaks. 


1 City 
State 
| Phone ( ) 


urere m ecc 


Zip 
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Say, $mokey-" 


Intercooler color 


The intercooler on my Eagle Talon is 

painted silver. Wouldn't black be a 

better color? Aren't radiators normal- 

ly painted black to exchange heat 
better? 

Reymond F. Kirkman 

Los Angeles, Calif. 


The job of an intercooler is to transfer 
heat from intake air that has been 
pressurized by the turbocharger, low- 
ering its temperature and raising its 
density. For this reason, the most im- 
portant factor in selecting the best 
material for an intercooler is its abili- 
ty to absorb and dissipate heat quick- 
ly. The trouble is, these materials may 
rapidly oxidize under the hood, creat- 
ing a thermal barrier that lowers the 
intercooler's heat transfer efficiency. 
Ideally, it would be best left unpaint- 
ed, but it’s necessary to forestall oxi- 
dation of the intercooler’s surface. The 
color of the protective coat doesn't 
make a difference, in my experience, 
except in conditions where the inter- 
cooler would be exposed to sunlight. 


Mountain creeper 


I own a 1976 Pontiac Bonneville 
equipped with a 400-cubic-inch V8 
engine and a four-barrel carburetor 
with 125,000 miles on it. When I was 
driving through the mountains on a 
hot day, the engine suddenly lost 
power. The valves now make a click- 
ing noise, and the old power of the en- 
gine is gone. How do I get that power 
to come back? 
Michael Fellinger 
Coral Springs, Fla. 


The first thing you should do is check 
the engine condition with a cylinder 
leak-down test. This will tell you the 
condition of the valves and compres- 
sion rings. If this fails to show a prob- 
lem, you might as well pull the 
hydraulic valve lifters and replace 
them; 125,000 miles is considered a 
good lifetime. All the lifters should be 
smooth and flat on the bottom. If any 
are rough or cupped on the surface 
that meets the cam lobe, replace the 
camshaft and the timing chain. Your 
description of the engine’s condition 
leads me to believe it likely needs a to- 
tal overhaul, which could cost about 
$2,000. Is it worth it for a car that 
old? That's your decision. 


Got a car problem? Send it to “Say, Smokey—," POPULAR 
Science, 2 Park Ave., New York, N.Y. 10016. All letters are 
read, and those of widest interest are answered in this col- 
umn. Due to the large volume of mail, Smokey cannot reply 
to letters not selected for publication. 


TING AN | 1 TRU 
=== SELECT 5 BOOKS jam) ns 


(i for only *4?* | 


(values to $126.70) 
and get a FREE Gift! , "* *"" wem sem 


Electronics 
Course 


2nd Edition. 


3337 $3595 
r 3044P $11.95 


2613P $17.95 


"EO For over 25 years, your most complete 
source for electronics books. 


Troubleshooting and Repairing 


VCRs 


«58. 


1897р 314,95 2981P $16.95 


ШП 
LASER, PHASER, 
Y 


Master Handbook 


1001 
MORE 


2980P $19.95 2883P $17.95 3031P $17.95 


ROBOT BUILDE 
BONANZA 
Я 

XOBOTRS moc 


Н н 
BOUIPMENT 
ТООТ SERVICE 


2960 $27.95 
Counts as 2 


tie 1604P $17.95 


[ALARMS 


Tamrac oe re Your Hoe 


FREE when you join the | 
ELecTaanucs Book Сшв“ ! = 
15 Easy Electronic Projects A saree 
from Delton T. Horn $7.95 ё 
Projects you can build—some unique, Value! 


some old favorites—from the author's 
vast treasury of electronics know how. 


Membership Benefits * Big Savings. n addition to this introductory 
offer, you keep saving substantially with members' prices of up to 5096 off the 
publishers’ prices. • Bonus Books. Starting immediately, you will be eligible for 
our Bonus Book Plan, with savings of up to 8096 off publishers' prices. « Club 
News Bulletins. 15 times per year you will receive the Book Club News, describ- 
ing all the current selections—mains, alternates, extras—plus bonus offers and 
special sales, with scores of titles to choose from. + Automatic Order. If you want 
the Main Selection, do nothing and it will be sent to you automatically. If you prefer 1 шиш ELECTRONS 


3208 $2295 


o ELECTRICITY 
& ELECTRONICS] ^ another selection, or no book at all, simply indicate your choice on the reply form Бошо. 


provided. You will have at least 10 days to decide. Аз а member, you agree to 
purchase at least 3 books within the next 12 months and may resign at any time 
thereafter. + Ironclad No-Risk Guarantee. If not satisfied with your books, return 
them within 10 days without obligation! • Exceptional Quality. All books are qual- 
ity publishers’ editions especially selected by our Editorial Board. PS990 


EDITION 


А! books are hardcover unless number is followed by а “Р” for paperback. (Publishers' Prices Shown) 
үре A shipping/handling charge and sales tax will be added to all orders. = 
1532P $14.95 г mr ©1990 ELECTRONICS BOOK CLUB, Blue Ridge Summit, PA 17294-0810 1599P $17.95 3241P $16.05 


A selection of products and services for PoPuLaR Science read- 


ers available direct by mail. Enjoy the fun 


mail ordering shopping. Please order directly from the adver- 


cordata 386Sx COMPUTER 
€ w/ VGA MONITOR 
100% IBM compatible. r- = 
* Includes 14" VGA color 

monitor. + 80386SX-16/8 

MHz speed, upgradable to 

20 MHz. * One 3-1/2" 1.44 

MB floppy disk drive. 
* One 5-1/4" 1.2 MB floppy 

disk drive. + 40 MB hard 

drive millisecond access. 

time. • 1 MB RAM оп 

motherboard, expandable 

Expansion slots: four IBM AT slots. 
VGA video support. Battery backed real ti 

clock/calendar. + Two serial & one parallel port. 
+ 80387SX-16 math co-processor socket. + 101 key IBM 

style keyboard, • Phoenix BIOS. • Model # CPC8248. 
* Included MS-DOS 4.0. * Dim.: 16°Wx18"Dx5"H, 
< One Year Warranty 

through Cordata. 


" оюу New & Mtr. Sugg. Retai: $2,968.00 


„Doas not include DAMARK $4 499 99 


‘software shown on PRICE 
screen. йет No. 8-2244-143578 
Insured Ship/Hand.: $49.00 


moe 


tiser. For advertising 


and convenience of Direct Respoi 


rates for this section, write or call Diane Pahl, 
nse Manager, Popular Science, 755 W. Big Beaver Rd., 
Suite 420, Troy, MI 48084; (313) 362-9005; fax # (313) 362-3403. 


ORDER TODAY 


AK 1-800-729-9000 


MAXXUM 30001 35MM CAMERA 
w/ ACCESSORIES 


MINOUA 

Set includes: Minolta Maxxum 
3000i body, 75-200 auto focus 
zoom lens, auto-focus 
electronic flash (no batteries 
needed) 


Auto focusing and auto film loading. 

+ Motorized film transport and rewind. 

+ AF-integrated dual-area metering for best exposur 

+ Auto flash operation. - High speed program selection. 

+ Auto DX film-speed setting: 25-1600. = Includes 75-200 
auto focus zoom lens for super close-up photos.  Focal- 
plane shutter. • Locking auto focus capability. - Manual 
metering and settings under sliding panel. + Large LCD 


readout. = Self timer. Wr. Sugg, Retai: $843.75 


+ Model #: 3000. $399 99 


+2 Year Mfr. Warranty DAMARK 
оп body, 5 year Mtr. PRICE 
hom No. 8-2244-144444 
Insured Ship/Hand.: $6.50 


БЕ 
29298 
29998 


Public Notice: This Transportable Cellular Telephone comes pre: 


programmed with your local cellular number. Special price is $99.99. 
which requires a 1 year new activation 8 minimum service commitment 
through International Ventures, Inc. Subject to credit approval by teie- 


phone company. Your first monthly statement contains 2 months ot 
basic service plus a one time $37.00 activation fee & any air me you 


Ltd. Warranty on lens. 
* Factory New & Perfect! 
TRANSPORTABLE 
CELLULAR TELEPHONE 


Powered by a standard 12V cigarette lighter, this 

phone comes ready to use right out of the box. 

* FULLY FEATURED: * No installation required! 

* Full 3 watts of power. number memory. 

+ Electronic lock. + Status indicators: in-use, roam, horn. 

+ Automatic call retry. • Last number redial. 

+ Compact water resistant nylon carrying case included. 

* Please have your social security number and driver's 
license ready for operator. + Factory New & Perfect! 

+1 Year Warranty through Manufacturer! 


Mfr. Sugg. Retail: $599.00 
DAMARK $ 99 99 


PRICE 
Item No. В-2244-145730 S/H $19.00 


THE "GREAT DEAL" CATALOG 


HALOGEN TORCHIERE - 
FLOOR LAMP 


Fill your room with light from 
thissleek-looking Floor Lamp. 

* Halogen torchiere floor lamp. 

* Shines light upward, yet fills 
entire room. 

* Variable light control switch. 

* 500 Watt halogen bulb included. 

* Sleek finish. * U.L. Listed. 

* Glass insert below shade allows 
light to shine downward also—for 
а complete lighting effect. 

* Height: Approx. 72". 

* One Year Mfr. Warranty! 

+ Factory New! Factory Perfect! 
Mfr. Sugg, Retai: $170.00 
DAMARK 

PRICE $ 39 99 
(Віаск)ет No. B-2244-127911 
(Whiojhom No. B-2244-130153 
(Brassjhom No. B-2244-130161 

(Chrome)ltem No. B-2244-130179 


(Almond) ltem No. B-2244-130187 
Insured Ship/Hand.: $9.50 


CORDLESS 
* Infrared wireless HEADPHONES 


headphone system with 
built-in rechargeable 
battery. + Comfortable 

‘open-air earpads. 

+ Headphone range: up 
to 23 feet. * Automatic 
level-control circuitry for 
crisp, clean listening. 

+ Frequency response: 
18-22,000Hz. * Sleek 
pyramid transmitter serves 
as a recharger too. Up to 
6 hours of operation per 
charge. + Compatible with 
any audio/video equipment. 

+ Includes AC adaptor and 
mini-plug adaptor. 

+ Pyramid transmitter 
dim.: 9°H x 3-1/2°W 
x4°D. + Model #: MDR-IFSK. 


SS SS Sea 


have used. Prior to delivery, you will receive a contract indicating local 
rates. You wil receive the contract within 2 weeks after placing your 
order. You must return the signed contract to complete the processing 
ot your order. You will receive phone within 10 days after receipt of 
‘signed contract. Phone not available in California, North Carolina & 
Нанай, DAMARK'S 14- 


ме. Sugg: $79.95 
omas 392 


hom No. B-2244-145748 


Battery Pack & Charger: 
* 2.2 amp lead acid battery 
pack & charger. 

* Allows 1 hour talk-time 


Mir. Sugg. Retai: $199.95 


панос 29 99 


+ Factory New! 
Factory Perfect! "tem No. B-2244-148023 
Insured Ship/Hand.: $6.50 


FOR FASTEST SERVICE CALL TOLL FREE any] DESCHPTION rum | TE 
m (*1-800-729-9000 | | 
ш CUSTOMER SERVICE: 1-612-531-0082 | | 
m NAME | 
Ш осн PANERTTOMUS CONNER SESON LU TOTAL 
m CITY ST ZIP. in MN add 6% Sales Tax 
[ | PHONE. Total S/H/l 
gy СЫ CheckMoney Order [VISA SIGNATURE SRO TOR: 1... 
MasterCard Discover CARD NO. EXP. DATE. DELIVERY TO 48 U.S. STATES ONL’ 
Copyright 1990 DAMARK INTERNATIONAL, INC. Ай rights reserved. 
WII send To: DAMARK INTERNATIONAL, INC, 7101 Winnetka Ave. N. Minneapolis, MN 55428-1619 ШЙ 
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OWN YOUR OWN HOVERCRAFT 
The ONLY TRUE All Terrain Vehicle! 
SCAT HOVERCRAFT, INC. FLY 
The largest manufacturer Over Land, Water 
of recreational Ice, Snow S 
Hovercraft in Cushion 
the world 


of air 
“EXCITING VIDEO 
AVAILABLE" 


Call 
1-305-691-5100 
For Free Information 


SCAT HOVERCRAFT, INC. 


DEALERINQUIRES INVITED 
6865 N.W. 36 Ave. 
Miami, FL 33147 


Protect Your 


FS Home From 
К Water Damage 


Detect broken pipes, water heaters 
washers, wet basements with battery 
operated Water Detective. Only 
$19.95 plus $2 shipping. Call 1-(800) 
289-9669 or write Box 687 Columbus 
NE 68601 Visa M/C Discover. No 
COD or Cash. Allow 4-6 weeks del. 


FREE CATALOG! 
1-800-648-7938 


JERROLD HAMLIN OAK ETC 


CABLE TV 
DESCRAMBLERS 


* Special Dealer Prices! 
‘ompare our Low Retail Prices! 
juaranteed Prices & Warranties! 

* Orders Shipped Immediately! 


REPUBLIC CABLE PRODUCTS, INC. 
4080 Paradise Rd. #15, Dept. 510 
— Las Vegas, NV 89109 

For all other information (702) 362-9026 


Attention Welders ! 


it has been featured in: American Welding Society, The 
Welding Distributor, and Welding Design & Fabrication 
Publications. In use in all 50 States and three other countries. 


STINGERPOWER 0.C.V.™ ADAPTOR 
6372 GONDOLA WAY - SAN JOSE, СА 95120 
2495 +2.00 Shipping (2 or more [tee shipping) Check, Visa Master, COD. 
30 Day money back guarantee 382 


NEW!! DYNAPLUG 
TIRE REPAIR SYSTEM 
See in Popular Science "WHAT'S NEW,"July ‘90. 
Puncture fix that works! Never breaks or gets 
stuck! Goes in easy! Seals tight! 
NO REAMING. NO GLUE. NO MESS. 
LIFETIME WARRANTY ] 
Ог CARS, TRUCKS, RV's, ATV's& TRACTORS. " 
Tool + 4 Plugs $9.95. 5 refills $2.29. IN add 5% tax. 
Add $2.50 S&H. US currency. Send check or сай. 


Hector Engineering Со, Inc., 1821 W. 3rd. St., 
Bloomington.,IN 47403. 1-800-535-0309 


FOR THE TIME OF YOUR LIFE 
Bulld your own 12' kayak. 

Each package contains complete 
Instructions, plans and patterns. 


Set Por Moram Син 
FREE! SOLAR GREENHOUSE PLANS! 


3" x 96" 
Bult For 
Under $1500. 


то" inside. 
30* Outside 
Without Heaters 


ing With The 
SINGERS! yor Best Bands! 


Dept. PS- 
STi Beanie hoe i Sa nC 


AMAZING 1791b flying machine 
CLIMBS to 10000 feet NO LICENSE 
required NO WINGS or Helicopter blades 
COMPLETELY TRANSPORTABLE SAFEST, Easi- 
est, Cheapest way to fly for complete info ^ 
Demo flight send $5.95 to: Freedom. 
Fliers, PO. Box 135 , West-Pittston, PA 
\ 18643. (Buy One Be A Dealer If Open.) 


Popular Science indexes 

Box 2451, West Chester, Pa. 19380. 

Enclosed is а total of $. (check or money order) Piease send: 
C788 (787 0'86 C85 C184 С783 0782 0781 

сво 079 078 077 076 075 074 073 072 

($1.75 each) САЙ 17 indexes (1972-1988) for $17 CIFive indexes $5 


| 
I 
П 
П 
П 
Name. 
I 
1 
П 
П 
I 
l 


Address. 
Cty. 


State. Zip. 
(Prices above include postage and handing. Alow about 4 weeks for deivery) 


YOU SAW IT IN 
POPULAR SCIENCE 
—BUT WHEN? 


+ ж ж + X PRESENTING + dc 


DESCRAMBLERS 


KH STARRING ж c c 
JERROLD, HAMLIN, OAK 
AND OTHER FAMOUS MANUFACTURERS 

+ FINEST WARRANTY PROGRAM AVAILABLE 
* LOWEST RETAJL/ WHOLESALE PRICES IN U S 
* ORDERS SHIPPED FROM STOCK WITHIN 24 HOURS 
FOR FREE CATALOG ONLY 1-800-345-8927 
FOR ALL INFORMATION 1-818-709-9937, 


PACIFIC CABLE CO., INC. 
7325'^ Reseda Blvd., Dept.1447 
Reseda, CA 91335 


= 


Build your own 
affordable 
DOME HOME 


WOOD FURNACES: 
HEAT YOUR ENTIRE HOME 


Call 1-218-326-6786 or Write 
Charmas ег® 


2307 Y 2W. 
GRAND RAPIDS, MN 55744. 


Enjoy vaulted ceilings, an abundance 
of natural light, unsurpassed energy- 
efficiency, and a variety of floorplans. 
Our domes can be easily and pre- 
cisely assembled by two people 
without previous construction 
experience. Buy a com- 
plete pre-cut, color-coded 
dome, or just our heavy-duty 
connecting hardware and 
fully-engineered lum- 
ber cutting plans. 


~ 


Hardware and plans fora — ^ Ў 

1500 sq. ft. dome—$3,250. ә. 
Complete info packet including CP 
a 40-page color catalog, floor- N 
plan portfolio, assembly plans 

and more— $12. 


Send me your complete info packet. Enclosed is $12. 
[jCHECK ОМС [VISA 


Since 1969 


Т 
GEODESICS 


An affordable approach 
to spacious living.™ 


NAME 


ADDRESS 


CITY/STATE/ZIP 
Write or call: 2015 Blake St., Berkeley, CA 94704 1-(800)DOME-KIT 
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Reach 44 million readers every month with an ad in Popta? Sciences, 
Classified Opportunity Mart. November Issue Deadline (on sale 
October 16) is August 29. Rates: $10.50 per word. Min. ad 10 words. 
Darker type (Bold) words $1.00 per word extra. Display Classified: 
$585 per inch. Payment with order, or charge your Visa, MC, Amer. 


Exp, or > Difers Club Account T. * e exp) Advertisers using box 
number in ad must furnish name & street address for our records. 
Send order & remittance payable to POPULAR SCIENCE, Classified 
Dept. 6C, 2 Park Avenue, New York, NY 10016, 212-779-5163. For 
advertising information call 800-445-2714. Fax #: 212-779-5568. 


Dorothy Ellis, Classified Advertising — . 


DESCRAMBLERS 


JERROLD $10500 


.00 STARGATE... $99.00 
ZENITH $18500 


MANY MORE... CALL OR WRITE FOR 
[FREE FAST INFORMATION. 

YOUR BEST BUY'S & WARRANTIES 
FOR CABLE CONVERTERS AND 
DESCRAMBLERS START WITH A 
FREE CATALOG FROM: 


SUITE 133-53 
OMAHA, NE 68114 
ORDERS AND CATALOGS CALL 
OLL FR 
1-800-624-1150 


с.о.р 
FOR INFORMATION PLEAS! 


(402)354-0417 


STOP JAMMIMG ME 
If you rent vidco tapes they're 
jamming you too. 

When playing back rented movies you will notice 


Guaranteed eliminates all copy protection] 
‘Completely aut 


"т on all TV's, VCR's, Beta, Cable. 
Order toll free 


Call or write for your free catalog 
402-554-0383 
Everquest Corp. 875 So.72nd 
Omaha, Ne. 68114 


"ay Sata G6 NO COO ORDER NOW: WE LL SHIP TODAY: 
BLACKHAWK CALL 000-228-2323 or 801-975-0222 
S INC.S0XZ/221-P Salt Late Cily UT 


"m GRE 


HC stove by 11 1S), 
aM P 
Heirloom НС ovra 
For nearest dealer, call. 1-ROODOVRE US. 


“Jerrold *Tocom “Hamiin “Oak 
“Scientific Atlanta “Zenith 
Ask about our extended warranty 
program. 


COD, Visa, M/C welcome. 
Free Call — Free Catalog. 


Video Tech 800-562-6884 


2702 S. Virginia St., Ste. 160-304 
Reno, NV 89502. 


CABLE TV DESCRAMBLERS! 
BARGAIN HEADQUARTERS! 


i --— 


*JERROLD™ *TOCOM *HAMLIN 
*OAK *ZENITH 
“SCIENTIFIC ATLANTA 


6 month warranty! We ship C.0.0.! 
Lowest retail/wholesale prices! 
FREE CATALOG 
Global Cable Network 
1032 Irving St. Suite 109-Е 
S.F., CA 94122 
NO CALIFORNIA SALES!!! 


ORDER TODAY! 1-800-327-8544 


ALTERNATE ENERGY 
SOLAR CELLS 


Ifyou want Solar Electricity atthe Very Best 
Prices, send$2(Refundable){orourcatalog 
of New & Surplus Solar Electric panels, 
cells, inverters. controllers, books, and 


related technology for independent power. 
APPLIEDPHOTOVOLTAICS 


Box2773, Staunton, VA24401 
“Bringing thecostof SolarElectricity down 
toearth.” 


КЕТЕП т т i] 


EP sates ax) Money 


571 Ges 5тен Dept xot = Orange, NJ 07050 


FREE ENERGY! Fuel-less Motors and 
Generators! H&A. R2EPS, Bowling Green, 
MO 63334. 


FREE HYDROGEN FUEL and OXY- 
GEN from water. Generator uses solar cells. 
Plans and Kit $15.00. Prairie Power, Box 
8291, Edmonton, Alberta, T6H 2W6. 


200 SUPPRESSED/DORMANT IN- 
VENTIONS! RARE INFORMATION 
DATABASE CATALOG! $2. REXCO, Box 
19250, Jean NV 89019. 


HELP save our PLANET and save up to 
90% of annual electric bill. NEW Magnetic 
Propulsion ENERGY SOURCE. For infor- 
mation booklet send $9.95, Tesla Corp. 310 
Delaware Road, Frederick, Md. 21701 


AMAZING POWER: 13.5V 3.5W Solar 
Paneis $60. Brochure $2. W/SASE. Power 
Products, 136 N. Grand, Suite 208, W. 
Covina, CA 91791. 


HOMEOWNERS SOLAR HAND- 


BOOK Know all the basics of solar heating. 
and electric before you buy or build. $5.00. 
Solartronics, Box 204, Montrose, N Y 10548. 


ASTRONAUTICS 


BUILD YOUR OWN 


€ UP TO 80 POUNDS THRUST! 
@ USING SIMPLE MATERIALS! 
© FOR JUST PENNIES APIECE! 


Speeds to MACH It 


Write tor our cat ind we'll send you a 
work ИРЕНЕ 


аала 1o make sour own 
et motor casings, all uung 
material vou M find around yout house. = 


SEND $2.00 T: 
Dept. PS9. THE TELEFLITE 
CORPORATION, 11620 Kitching. 
Moreno Valley. CA 9: 


30 ANTIGRAVITY METHODS! Amaz 
ing Catalog: Send $2.00. Rexco, Box 19250 
Jean, NV 89019. 


LAUNCH BI ROCKETS LIFT PAY 
LOADS, 3,500. MACH 1. ROCKETS 
MOTORS, br van этеме. FREE 
Catalog. AeroTech, PS9, 1955 Soutt 
Palin Ж. Las Vogis NV 89108, Or conta 
your hobby retailer. 

MODEL ROCKET PLANS Full siz 
drawings for 10 rockets. Inexpensive anc 
easy to build using commonly available 
parts and engines. Send $9.50 to: RPLAN 

711-102 Sixforks Rd., Suite 122. Raleig! 
NC 27615 


HUGE FLYING Rocket Kits. Motors 
$1.00. HSR, Box 5127, Reno NV 89513. 


AGENTS WANTED 


122% PROFIT. Meet Big Demand Fo} 
Relief from driving fatigue, stress, pain| 
New woodbeaded Massage Cushion. Fred 
information: 800-999-1089. 


AUTO SUPPLIES & EQUIPMENT 


ENGINE OVERHAUL KITS: Wholesal 
Catalog $2.00. Engine Service Group, Dept 
PS, Box 13053. Lansing, MI 48901. 


SLICK 50, WE WILL 
PRICE! 


SAFER!!! 81% BRIGHTER high| 
beams, same headlights/voltage! А 
$22.95. Turn signal REMINDER! КІ 
$14.75, PLANS ALONE $5.95 each. Sharp 


en lawnmower easily, WITHOUT removin; 
blades! DETAILS $5.00. BiStar, Box 12; 
Manassas, VA 22110. 


CORVAIR PARTS - over 8000 COR 
VAIR Parts in 400 page illustrated catalo 
$4.00. Clarks CORVAIR Parts, Inc, Rt. 
Shelburne Falls, MA 01370. 413-625-9776. 


PTFE ENGINE TREATMENT: Same a: 
teflon, reduces wear etc. 
$7.45. POB 6033, Fort Worth, Ру то 


STEALTH RADAR ABSORBI 
BRAS for your vehicle 40%-80% reductior 
in police radar detection. For information & 
test results send $3.00 refundable to Car 
bondale Microwave, 16 Wildwood Ct, Car 
bondale, IL 62901. 


AUTOMOBILES 


TROUBLE SHOOT electronic control: 
on American cars without expensive tools 
$10.00 shows you how. Specify make-model 

ear. Trouble Shooters, Box 2113, Neder 
land, TX 77627. 


GOVERNMENT SEIZED Vehicles from 
$100. Fords. Mercedes. Corvettes. Chevys 
Dope. Your area. (1) 805-687-6000 Ext 

20025. 


AUTO LIGHTS LEFT ON Send $2.00 for 

Spec's to install low cost items from your owr 

to prevent a FLAT BATTERY. 1 уез: 

guarantee. Kent Services, P.O. Box 36265 
lle Station, San Jose, CA 95158. 
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AUTOMOBILES (Con't) 


VAPOR Carburetor Triples MPG. Free Infor- 
mation. H&A, R2PS, Bowling Green, MO 
63334. 


$225 DAILY “CHROME PLATING” 
AUTO PARTS, MOTORCYCLES, INEX- 
PENSIVE, EASY, (FREE) information: 
Chrome, Box 2285S, Waldorf, Maryland 
20604. 


DRUG RAID SEIZURES! Buy Dirt 
Cheap. Mercedes, Fords, Porsches, vans, 
Trucks: Write: Seizures: Box 4309-YÀ, West. 
Covina, CA 91791. 


PRACTICAL FUEL SAVING for Carbu- 
retors and Fuel Injection. Free Details, 
Eagle Research, 1-800-663-4758, 1-604- 
426-1229. 


CHANGE fuel pressure as you drive; 
Much Better Mileage Patented, Cagle Fuel 
Regulators 800/327-7501. 


CARBURETOR ENHANCER. Can 
double mileage, retains full power. Free De- 
tails, CARB-TECH. 1-800-667-1192. 
1-(604)-489-51i 


LEARN about the 200 mile per gallon 
carburetor drawings and information $9.95. 
ACE Information, Р.О. Box 161102, Fort 
Worth, TX 76161, 


BUILD A REPLICA 
GAS PUMP LAMP 
ALSO AQUARIUM OR PLANTER 
Bring the Good Old Do; 
to your favorite room wi 
this easy to build ontique 
Gas Pump replico, scaled 
to 7' tall. Simple plans let 
ou build Ё os on oquor— 
or planter. SEND 6.95 
pa 1.00 postage/handling 
HOMECRAFT PLANS 
215 LAKESHORE RD 
DENTON, TX 76205 


SIMPLE Car Alarm Plans That Work 
$10.00. P.O. Box 8048, Rockford, IL 61126. 


BETTER HEALTH 
KILL FIREANTS! Environment Safe! 


Non-Toxic! Home products! Report. $3.00. 
M. Clark, PO Box 4507, Federal Way, WA 


DO YOU WANT TO BE HAPPY? lf posi- 
tive mental attitude is never enough, it may 
be medical, For self-evaluation question- 

aire and information packet send $5 to: 
SERENDIPITY, Box 5/022, Idaho Falls, 
1D-83402. 


DO YOU NEED MORE ENERGY? 
Fight fatigue with whole food herbs that 
nourish your body. Order now Sample pac 
$39.95. Scott Wallis, 209B Perth Court, Win- 
ter Spgs, FL 3270 


BOATS, INBOARD & OUTBOARD 
MOTORS 


ечат KITS—PLANS—PATTERNS— 
'HOOSE FROM HUGE SELECTION— 
SNO" — Powerboats — Sailboate — 
Houseboats — Rowboats — Hydroplanes — 
Tunnelhulls — Duckboats — Canoes — 
Kayaks — Dinghies — SUPPLIES — 
Epoxies — Fiberglass — Foam — SEND 
FOR GIANT ILLUSTRATED CATALOG 
$3.00 ($5.00 airmail) —Book "Amateur 
Boatbuilding” $6.00—CLARKCRAFT 16- 
S Aqualane, Tonawanda NY 14150. 


BOAT PLANS—PATTERNS—KITS— 
Hundreds of Proven Designs—7/55.— 
Hydroplanes—Canoes—Kayaks—Row- 
boats—Duckboats—Dories—Bassboats— 
Sailboats—Houseboats—Sportfishers— 
Latest Technology /Simple—sStitchenglue 
168 page DESIGN BOOK-— $4.00 AIR- 
MAIL. Includes FREE “Boatbuilding Sup- 
plies” catalog. Book: 312 page BOAT- 
BUILDING WITH PLYWOOD, NEW 3rd 
Edition ONLY $25.95. GLEN.L, 9152 Rose- 
rans, Вох 1804/PSZG, Bellflower, CA 

06. 


EVINRUDE—OTHER BRANDS 1989 
BARGAINS . . . All Sizes .. . $2.00 Han- 
dling. Scott McCulloch parts ... Electra 
Marine, 610 Merrick Road, Lynbrook, New 
York 11563. (516)599-3003. 


REVOLUTIONARY NEW CONCEPT 
PVC PIPE BOAT Simple assembly, no spe- 
cial tools required step by step easy to follow 
plans send $5.00 check or Moneyorder pay- 
able to: Pipe Dreams Inc., Р.О. Box 741237. 
Orange City FL 32774. (Allow З weeks deliv- 
ery) 


WATERCYCLE! Build for $100.00 less 
engine. Plans $5.00. K. Lewis, PO. Box 26. 
Holcomb, NY 14469. 


ARTS & CRAFTS 
ING Started In Stained Glass 


“СЕТТІ 
$1.00. Whittemore, Box 2065X, Hanover, 
МА 02339. 


AVIATION 


BOOMERANGS. . . INCREDIBLE RE- 
TURNS! Worlds Best Hi-Tech Designs. 
Free Illustrated Catalog. Amazing! 


BoomerangMan, 1806-2 N. 3rd, Monroe, 
LATI201 422 22. 

ES" HELICOPTER! 
© Take-off 


eff Нет yout backyatd 
сс loro fo pen- Рана ӨЗУ, 


DAILY “CHROME PLATING” 
AUTO РА! MOTORCYCLES, INEX- 
PENSIVE, EASY, (FREE) information: 
Chrome, Box 2285S, Waldorf, Maryland 


MAKE $7,000 monthly as Loan Broker 
without investment rience. Financial, 
Box 3578-Y, Anaheim, CA 92803. 


$500 WEEKLY mailing ads. Admailers 
Associates. Box 51063, Durham, NC 27712. 


MECHANICALLY inclined individuals 
desiring High Weekly Profits operating 
Small Ds facturing business Without In- 
vestment write: Businesses-P, Box 9008, 
Baldwin N.Y. 11510-9008. 


А “No-Nonsense” Way to $500 A Day 


$1.00 plus self addressed stamped envelope. 
K&M Enterprise, POB 1973, Swansboro, 
NC 28584 


RECONDITION BATTERIES. Easily 
Earn Hundreds Weekly. Untold Secrets. 
Free Information. Battery Outlet, Box 
3300-5, Hickory, NC 28603. 


$10,000 MONTHLY Taking Photo- 
graphs at Home! Call recorded message: 
(303) 674-8155. 


May be flown 
without a license 
Several helicopter 
& gyrocopter kits 
х plans available 


RECYCLE METALS, NO, NOT BEER 
CANS! Easy $458 weekly! Free informa- 
tion, Hornsbys, Box 1214, Franklin, TN 
37065-1214. 


FROM Square Foot Plywood Huge 
Demand! Revealing Proof $1.00 (Refundable). 
Woodwins, Bridgewater. Mass 02324-2299. 


Fy Riderwood, MD 2139 
cred tat wd p DER 


Fray aninexpensive omebultheicogter . thatmakes sense! 
Forget you know about conventonai heicopters. We 
have re eren the book on hekcoptr 

мам 


тош) 
Fever and cs муч win no nancean baton 

2 VERY EASY & SAFE TO LY 

2 INEXPENSIVE TO OPERATE а MAINTAIN 

2 2 PASSENGERS @ 150 MPH: 600 MILE RANGE 

2 USES AUTO FUEL; OVER 20 CU. FT. BAGGAGE 
eae more bos te тайа MARI сопа мечин 
Sene oy К e Mor lmao package 
eco $209 (Nos US enclose 4 0| lor postage and handing. or 
‘rae a following Mans protects 
Jd COMPLETE INFO PACK «3 VIEW DRAWINGS $200¢ 


2 TECHNICAL REPORT (must reading) $9000 
2 VHS VIDEO TAPE OF MANNED PROTOTYPE 
IN ACTUAL FLIGHT TEST $40.00 


2 ORDER АЦ (3) ITEMS (SAVE $15 00) 
ase send cath che tr money ore (n U 5 tunas aem on a 
Sank ону) No COO s Nor US a8 37 00 postage 


Moshier Technologies 
34 State Street, Suite 108, (Dept. PS3) Los Altos, CA 94022 


$15,000 MONTHLY Income! Easy Mon- 
eymaking Plan. No Investment. McDowell, 
Box 5529-Y, Diamond Bar, CA 91765. 


NEED MONEY? Free Grants, 
Loans, Business Loans. Write: Action #7-Y, 
Box 5499, Diamond Bar, CA 91765. 


PROFITABLE Gold Foil Printer. Person- 
alize business cards, pencils, matches. Free 
Ey a P.O. Box 24986 (LLC), Tampa, 


MPERSTICKER PRINTER. Cheap 
simple, portable. Free details. Bumper, P. 
Box 22791 (LLC), Tampa, FL 33622 


MAKE HOMEMADE BOOKLETS. 
FVE EARNED $187,000 WITH MINE. 
MONEY NEVER STOPS! Free informa- 
tion: Dasher, Р.О. Box 5320, Sevierville TN 
31864. 


FORMICA: Repair Burned and Damaged 
Countertoy WITHOUT REPLACE. 
MENT! Quick, easy to $600/day. Change 
countertop Colors WITHOUT REMODEL- 
ING! Millions of apartments, homes pay 
profits immediately. Introductory package 
FREE! 206/256-9742. Introductory Video- 
tape $14. RENEW-ALL ВОХ 9900-55, Van- 
couver, WA 98668, 


PIANO Tuning Academy, 12717S Ger- 
mainia, Alexander, AR 72002. Profitable, 
Master. Visa. 


Let THE GOVERNMENT FINANCE 
your small business. Grants/loans to 
$500,000. Free recorded message: 
707-448-0270. (JG6) 


“Ultralight Helicopter | 


~ Pilot License Not Required ~ 


$40,000 ON v^ ACRE! New hydroponics 
- inexpensive, pleasant, practical! Free infor- 
mation. Planters, Box 1214, Franklin, TN 
37065-1214. 


pat 


HELICOPTERS Government Publica- 
tion, Principals of and how to fly them 
$19.95. Aviation Specialties, 8990 Harrison, 
Davenport, lowa 52804 


BUSINESS OPPORTUNITIES 
$1000's WEEKLY. Free information. 


Stamped envelope: Progress, Box 93248, Los 
Angeles, CA 90093. 


BIG PROFIT 1000% Details. 
3415 Connecticut, St. Louis, MO 63111 


ADVERTISE free in 550 Magazines. 
xo Directory, Box 11W. Atlanta, GA 
301. 


Eggers, 


SMALL CRACKS IN WINDSHIELDS 
NOT REPLACING THEM. CALL TOLL 
FREE 1 (800) 826-8523 U.S/CANADA 


PROFI Le SSES. 
Free details. R&S Publishing, Р.О. Box 
720388, Dept. B, Houston, Texas 
71272-0388. 


$1804 MONTHLY! Buy/sell cars (spare- 
time). Revealing proof! Write: CODEX, 507 
Oak Drive, Friendswood. TX 77546. 


MAKE Rubber Stamps. Highly Profitable 
Business. Free Details. Stamper, POB 22809 
(LLC), Tampa, FL 33622. 


TAKE PICTURES for profit. Camera 
Ventures, Box 771, Lamara, CO 81052. 


MILLIONAIRE Mailorder Expert Re- 
veals Money-Making Secrets. Free, exciting 
hour cassette: Melvyn Powers, No. Holly- 
wood, California 91609. 


5200 $500 weekly- AT HOMEN No gim- 
micks - Details FREE! Homeworkers-S, 
Box 32397, Palm Beach Gardens, FL 33420. 


FREE SAMPLE! Miracle Polishing Cloth 
592% profit plan! R&S, 1312-PS Washing- 
ton, St. Louis, MO 63103. (314) 241-8464. 


GET RICH! Secret law smashes debts— 
brings cash credit! Details FREE! Wealth- 
pe 5 32398, Palm Beach Gardens, FL 


$58,000.00 YEARLY MAKING 
BOOKLETS. 25 - STEP METHOD Shows 
How! Premier, Box 544 Fox Lake, IL 60020. 


HOME Assembly Work Available! Guar- 
anteed Easy Money! Free Details! 
Homework-PS, Box 520, Danville, NH 
03819 


SPARE Time Fortune in Vinyl Repair. 
Huge demand. Exceptional profits, Every 
thing supplied. Details free. VIP, 2036 Mon- 
trose, Chicago 60618. 


‘T-SHIRT PRI IG MACHINES. We 
manufacture professional single and multi- 
color screen printing equipment. Е 
sive, Free Brochures. Catco, 12201 PS 
35 St., #538, Coral Springs, FL 33065, 


MAILORDER OPPORTUNITY: Start 
profitable home business without exper- 
tence or capital, Free book, Mail Order 
Associates, Dept. 673, Montvale, NJ 07645. 


PROVEN Success since 1986! Multilevel 
Information Hotline, Free Recording 
915-366-6951. 


START A MILLION dollar mail order 
business. We drop-ship 2955 best selling 
products Lowest below wholesale prices, 
immediate deliver tacular home busi- 
ness opportunity. FREE BOOK. SMC, 9401 
De Soto Ave, Dept, 28-21, Chatsworth, CA. 
91311-4991. 


ADVERTISE FREE in 2,300 Magazines, 
poer pers, Radio, Television. $5.95: Direc- 
x 14107DB, Jackson, MS 39236. 


DRUG RAID SEIZU ! Buy dirt 
cheap. Cars, houses, boats, computers, furni- 
ture. Write: Seizure: Box 4309-YD West 
Covina, CA 9179: 


EAD OKS for pay! 
1-900-847-7700 ($0.: 9/min) or Wri : PASE - 
Lo que Lincolnway, North Aurora, IL 


FANTASTIC Money-Maker Det: 
$1.00 and Stamped Envelope. 135 W. Nuevo, 
Ste-B-221, eret CA 92310. 


PROFITABLE ECOLOGY works now! 
Environmental Businesses Report 1990's 
$5.95. Ecomerican, Box 1371, Valdosta, GA 
31603-1371. 


USE Your Knowledge. Write Instruction 
Manuals For Profit. Information Free. Great 
American Publications, Box 10422, St. Pe- 
tersburg, FL 33733. 


56,731 “FOREIGN TRADE” CATA- 
LOGS. DIRECTORY guide. Sources for Ev- 
erything! 32 Countries. $5.95: Catalogs, Box 
14107FB, Jackson, MS 39236. 


HIGH PROFIT, NO INVESTMENT, 
MONUMENT DEALER, YOUR AREA KIT 
$25.00 (REFUNDABLE), GRANITE IN- 
НЕН РО. BX. 504 ELLIJAY, СА. 
30540. 


EARN BIG money NOW! Simple, 
PROVEN method! Send $1 and Sase. M. 
Frey, RD7 Box 144, Danville, PA 17821. 


FIFTEEN MONEY MAKING RE- 
PORTS, For U.S.A. Send Ten Dollars 
U.S.A. Cash or М.О. to: G.S. Enter-prises, 
32149 Sandpiper Place, Mission, B.C. Cana- 
da V2V 2L5. 


160 WAYS To Make Thousands of Dol- 
183400. JEBCO. Вох 405, Charlevoix, MI 


“А No-Nonsense Way To $500 A Day” 
$2.00 + self addressed stamped envelope to: 
Pruetts, PO. Вох 1965, Livingston, TX 
71351. 


PIANO TUNING PAYS: Learn with ap- 
proved home study course, Diploma granted. 
American Tuning School, 17050 Telfer Dr. 
Morgan Hill, CA 95037. 


BECO! REAL ESTATE AP- 
PRAISER. $100,000 PLUS POTEN- 


HOMEWORKERS WANTED! Immedi- 
ate Earnings!...Free Supplies...To} 


Pay!...Free Details: rtunities, Вох 367- 
PE Fryeburg MEOW? 
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BUSINESS OPPORTUNITIES (Соту 
ү АМАК төш» rope on buyers mall, 


rush sase 
PO. Box 7 10163, lobile, AL 36607 #26502. 


HOMEWORKERS NEEDED [All kinds] 
$50.00 - $500.00 weekly. Starter kit $1.00. 
UnieorBox 48365 Р Cumberland, N.C. 


QUICK PRINTING INCOME—No 
Franchise Fee. $2.00 Howard Booth, 
Thornwood Drive, Bethel Park, PA 15102. 


ALUMINUM SCRAP Recycle Yourself 
—MAKE UP TO $25.00/POUND! FREE 
Information: Industrial - PS990, Box 127, 

Alexandria Bay, New York, 13607. 


MAKE 1000s and Save on over 250,000 
products and services. Guaranteed! BFH In- 
ternational, Box 271, Cashton, WI 54619. 


START your own business for E pen- 
nies Experience unnecessary. Send for 
IE no risk examination. JAS Box 
Big Bear Lake, California 92315 


MAILORDER AMERICA Wealth Build- 
ing Kit/Free Gift. Send Stamp: Wealth, Box 
5216, Brandon, MS 39047. 


70 MONEYMAKING SYSTEMS! Free 
details. Guaranteed! (send stamp.) Success 
Unlimited, Box 462-P, Fairfield, CA 94533. 


ELECTROPLATII FOR PROFIT. 
Equipment Supplies Free Information. 
Great American Corporation, Box 10422, St. 
Petersburg, Florida 33733 


PUT MONEY in itamped 
журе. Moser Publ hine РО. [e 174, 
Lansford, PA 18232-0174. 


IMPORT-EXPORT oj opportunity, eona: 
ble world-wide, mail о business from 
„ without capital. We ship plan for no 
risk examination, Experience unnecessary. 
ne ae caper Ma Mellinger, S Dept A2699, We 
California 9136 


HYDRAULIC JACK REPAIR MANU- 
AL AND CATALOG $10.00. HYDRAU- 
LIC PARTS SUPPLY, BOX 4157, 
BROWNSVILLE, TX 78523-4157. 


MAKI йа MONEY. RA 
WINDSHIELDS AND plate р to 
$75,000 yearly! Call TOLL FREE USA ISA & 

CANADA: 1-800-321-2597 for valuable 
demonstration video and FREE report. 
Glas-Weld Systems, Box 5755 CX9, 

OR 97708. 


PROFITABLE home business! FREE 
BOOK! Income Opportunities., 880 Frank- 
lin Ave #602S San Francisco CA 94102. 


NEW! GROW EXPENSIVE PLANTS. 
SELL FOR 2,000% PROFIT. Free infor- 
mation. GROWBIZ, Box 306-S9. Seminary, 
MS 3947 


HIGH PROFITS WITH CUSTOM 
T-SHIRTS AND CAPS. Transfer machines, 


supplies, PRESS, РОВ 22809LLC), Tampa, 
FL33623 


ASSEMBLE PRODUCTS AT HOME. 
Easy Work! New Recorded Message! (315) 
397-2317 Anytime! Extension 901. 


MAKE $7,000 MONTHLY in free boat 
business. 526 W. 14th St. #150, Traverse 
City, MI 49684. 


PREVENT /DETECT CASHIER THEFT. 

The guide your business needs Only $19.95. 

‘Associates Information Systems, Suite 

27 10080 26 St. Edmonton, Alberta Cana- 
da TSP 2P8. 


SAVE THOUSANDS! Estimate home 
remodeling yourself. Avoid being 

over chi mplete forms and instruc- 
tions included. $5.00 Northside Construc- 
tion, РО. Box 464711, Lawrenceville, GA 
30246. Dept. S 


SECRETS TO SUCCESS, Copyrighted 

ans, Enriching Business, FREEDOM! 
Be to Williamson/Todd Publishing. P.O. 
Box 2327 Kingsport, TN 37662 


BUY IT WHOLESALE 


CLOSEOUTS! Wholesale! Overruns! 
Freebies! Information (stamp): DDN, Box 
20152-G, Ferndale, Michigan 48220. 


200,060 BARGANG Below Wholesale! 
Many Р iquidations Closeouts! . . . Job 
Lots . Single Samples. Free details. 
Worldwide Bargainhunters, Box 1409-B, 
Holland, MI 49422. 


EARN A DECENT LIVING 
ANYWHERE! 
EARN A Decent Living Anywhere! No sales 
or product handling required. For Info Send 
$2.00 Plus S.A.S.E. to È. Hall, 738 Main St. 
Suite 394, Waltham, MA 02254-9038. 


GET PAID for mailing letters! Write: 
PAASE—WT7, 161 Lincolnway, North Au- 
тога, IL 6054: 


EARN up to $500 weekly mailing letters. 
Free Details. Omega, Box 4309-YF, West 
Covina, CA 91791 


MAKE EASY MONEY in our program. 
Join for $1 & stamp. Press, Pembroke, NC 
28372-0014. 


YOU! Can start EASY MONEY business 
at home. FREE info. Rush S.A.S.E. to Szost. 
PO Box 2607 Dunnellon, FL 32630. 


PROFITABLE, UNUSUAL, useful elec- 
tronic devices. Free details. Compute, РОВ 
7247(P18), Naples, FL 33941. 


STAY HOME: EARN $300 - $1000 
WEEKLY. For details, send Sase. Inter- 
marketing, Р.О. Box 310307, Tampa, FL 
33610. 


START A business for under $300.00 
send $5.00 for information. D. Whisenhung, 
724 Ave B, Box 12, Peck, KS 67120. 


ADVERTISE FREE, 700 M; 
structions, GUARANTEED, $7. 
298-H, Oliver Spring, TN 37840-0298. 


READ BOOKS FOR PAY ($100/Title). 
Earn Thousands $$$$ Yearly! 
1-900-420-8253, Ext. 10. $10. Free Manual! 
Jobs Now! 


$1,500 A DAY RECEIVING 900-Pay- 
Per-Dial-Calls! No Investment. Use Our 
ent. Advanced System. Call Demo 
.-900-258-2536. Write: PhoneLink, Box 801, 
Southeastern, PA 19399. 


$3000 Per Month Building yard Barns 
time. Plans $9.95 Plans, Video $24.95. 
ВС, Box 22005, Billings, MT 59204. 


STHOUSANDS Monthly Possible From 
Home. Satisfaction Guaranteed. No Gim- 
micks, Just Real Proven Facts, For More 
Informations Write: биссевв Unlimited, Box 
159 Dept 5-9, Lemon Grove, СА 92045 or 
call 61! 566. 


NEWLY DEVELOPED - Programmable 
Home (or Business) Automation system! 
Controls all (Lights, electronics, computers) 
via “Touchtone” telephone commands. Con- 
sumer affordable. Wide open Market! Free 
information. Bestron Corp, PO. Box 144, 
Huntington Station, NY 11746. 


MAKE $50/HR. WORKING EVE- 
NINGS OR WEEKENDS in your own elec- 
tronics business. Send for free facts. MJES 
INDUSTRY, Box 531, Bronx, NY 
10461-0208. 


MAKE $500 DAILY! Information? 
Write: Dawood, 8439 Northport, Cincinnati, 
OH 45255. 


INCOME Discovery: Famous Ph.D. Scien- 
tist reveals high-income discoveries anyone 
can use to achieve wealth. Free Facts. JRD, 
Box 735-A, Carlisle, MA 01741. 


INESSES Great Oppor- 
tunities for youngsters. Details $5.00. 
KACOS, Box 6151, Spencer, IA 51301. 


sazines, In- 


EARN $1000.00 CASH WEEKLY! In- 
vest Time Not Money! Free Report/Send 
$1.50 S&H TNL B357, No. Salem 03073 


SELL PICTURES. Detailed buyers list, 
instructions, $2.00: PHOTOMARKETS, 
P.O. Box 8195-166, Blaine, WA 98230 


NEW PRODUCT BROKER-MAKE $555 
USE your technical interests in your own 
business, send $19.00 for manual: Emerald 
Associates, 364 Neponset, Canton MA 
02021 


MAKE A FORTUNE! Guaranteed. How 
То Book Reveals Over 30 Sources. FREE 
DETAILS. John Baez Co., 2 Thayer St., Dept 

NY 10040, 


FREE Report insiders secrets to your own 
million dollar multi level empire. Shady 
Acres, Box 5252, St. Johns, MI 48879. 


EUROPA CONNECTION. European 
manufacturers seeking exclusive agents and 
distributors in your area and country (USA/ 
Canada) Business Directory 20 Dollars 
(М.О) Trican Systems, P.S. 269 Portage 

20 Box 670 Lewiston NY 14092. 


BURGLAR—FIRE ALARMS 


BRIGHT Lite-Blasting Shreik Burglar 
Alarms $9.95 + $2.00 Shipping. Carry Ev- 
erywhere For Instant Protection. Send 
Cheque Or Money Order. T&L Enterprises, 
7305 Woodbine Áve., Dept 536, Markham, 
Ontario L3R 3V7. 


GIVE YOUR DOGS’ BARK AN ELEC- 
TRONIC BITE. New biosecurity system, 
sensitive as dogs ears and dependable as 
modern electronics. Send $7.95 for plans. 
BIOSECURITY Box 7777-С, Cottonwood, 
СА 9602: 


BOOKS—MAGAZINES 


MANUSCRIPTS Wanted. all types. 
Publisher with 70-year tradition. 
1-800-695-9599, 


OFFICIAL MARTIAN-ENGLISH HAND- 
BOOK. Secrets revealed! Complete 
manual—Learn to speak "Martian" and 
More! Beautifully published. Unique 
novelty gift. $5: С.К. Himeda, 4204 Kilauea 
Avenue, Honolulu, HI 96816. Moneyback 
Guarantee! 


MILITARY Surplus. Men, Women, Chil- 
dren. 10005 items, new/used Catalog $2.00 

John’s Surplus, 2011-B Nooseneck 
Hil Road. Covent Ri 02816 


ШҮ CARS WHOLESALE 
SAVE Thousands! New book shows how. 
S.E. for free info: JCI, Box 680307, 


COMPUTERS 


BUILD your own Macintosh and save 
50%. New book shows how. Free info. 
Brant’, Box 68708, Portland, OR 97268. 


TWENTY MEGABYTES IBM SHARE- 
WARE. Only $49.95. 5.25HD Diskettes. Cy- 
bertek, Box 1528, Stafford, VA 22554. 


FREE! IBM SOFTWARE CATALOG. 


2000+ Disks 1-800-345-2983 Mega! Byte 


Inc, pe, Software Supply. 3601 Morrison 


Road, De: 


7 ems Under $500 Parts Guar- 
antee, book shows how. $10.00. Bi Soft- 
ware, 2301 Banyan Way, Antioch, CA. 


BUILD YOUR PERSONAL COMPUT- 
ER Instructions, Technical Information, 
Parts List $9.95. PC Advisors, P.O. Box 771, 
Melrose, MA 02149. 


MAKE THOUSANDS WITH YOUR PC 
AT NIGHT! Full details $10. RWI, Data 
Services, P.O. Box 4254, Lexington, KY 
40544. 


PHOTOCOPY - Laser Printer Toner Car- 
tridges. Original OEM Supplies. Discount 
rices. Shipped UPS—3 days Maximum. 
all for Price Quote and Catalog. 
1-800-448-5265. 


MACINTOSH Ft-Inch calculator, print- 
able "tape", 18 functions, $21.00. CALCU- 
LATOR, 1541 Columbia Road NW $: 
Washington, DC 20009. 


WORD PROCESSOR. Create, save, pri- 
nt documents up to 1000 lines long. Easy- 
Words has all the important features of ex- 
pensive text editors. Requirements: PC 
compatible, 512K RAM. $15 to Easy- 
Words, 3942 West Sierra Highway, Unit 
5-118, Acton, CA 93510. 


LEARN to build a IBM compatible com- 
per for fun or profit. Send $15.00 to B.C.S. 
Box 118737, Cincinnati Ohio 4521 


BUILD YOUR OWN COMPUTE! 
UNDER $30.00! Full instructions, ze 
matics, programming and parts list. 

9.95 + 2.00 SH. Or for a complete Catalogue 


CB DX, 1990's Get more out of yout 
mcs CBR, Box 212, Rochelle Park, NJ 


CATALOGS 


GIANT Catalog of brand name offica 
iuipment, low discount send 
Merchandise, Р.О. Box 916, 

Lake NC 28390. 


DO-IT-YOURSELF 


ARROWHEAD Making. VHS $29.95 S/H 
$3.50. Commons, Box 5012-PS, Central 
Point, OR 97502. 


Record telephone conversations in your aie or 
ome Connects between any cassetie or ape 
recorder and your telephone ine. Sur auto- 


Super Powerful FM TRANSMITTER 
Many тез more powertu! than omer Vansmiters 
Transas up o % ve 1o any FM rado -Easy 10 


amer specaty ета, encose 32 00 to USI Corp 
Call 407-725-1000 or vend $19.95 + 51.00 
С 


PICKS UP A WHISPER 50 FEET AWAY 
The model WAT-50 miniature FM transmitter 
uses a 4-stage circuit NOT to be confused with 
а simple wireless microphone. Simply snap the 
unit on top of a 9V battery and you can hear 

sound іп an entire house up to 1 mile 
away! Use with any FM radio. Tunes to any 
frequency from 7Omhz— 130mhz. Easy to as- 
semble kit includes all parts and instructions. 
Only $29.99 tax incl 


Call or send MO, VISA, MC for immediate de- 


DECO INDUSTRIES 
BOX 607 
BEDFORD HILLS, NY 10507 
914-232-3878 


NEW HE NE 
LASER TUBES $35 
Dealer Inquiries Invited. 
Free Catalog! 


MEREDITH INSTRUMENTS 
6403 N. 59th Ave. • Glendale, AZ 85301 * (602) 334-9387 
“<The Source for Laser Surplus” 


QUARTZ CLOCK MOVEMENTS and 
supplies! Low Prices! Yankee Ingenuity, Box 
1138, Altus, OK 73522. 


SURVEILLANCE 
TELEPHONE 

This is a normal functioning 

telephone! EXCEPT it has а 

secret built in monitor 

Only YOU сап сай and monitor all conversations, using 
a secret code, and never be detected! Range Unlimited 
sus 


8 month Warranty — Phone 


Tap Catalog $3.00 


of this and other great projects send 2.00 to: LUSTEN ELECTRONICS, 63 Elgin, Muskogee, OK 74401 
Parallel Developments, Р.О. Box 58123 Seat- 1-800-633-TAPS. 
tle, WA 98101. 

COMPUTER р ‚ Low cost IBM | , MICRO FM TRANSMITTERS, books on 


Games, utilities, more catal: 
$2.00. Allen Design, P.O. Box 572013, 
Houston, TX 77256. 


18M clone, build it yourself with just a 
screwdriver, it easy. $7.00 to: Publications, 
24 = Attleboro, MA 02703 


COMPUTER NEWSLETTER, 
RESI LIMITED, Box 720388, Houston, Texas 
7272-0388. 


CB RADIO 
POLICE_FIRE SCANNERS, CB’S 


MARINE 2-WAY, ANTENNAS, HPR, 
BOX 19224PS, DENVER, CO 80219. 


building КП and remote listening de- 
vices, night vision, qun ment. Catalog 
$2.00. EPSILO! О. Bo 


x 291513, Los 
Angeles, CAO 


200 SUPPRESSED/DORMANT IN- 
VENTIONS! RARE INFORMATION 
DATABASE CATALOG! $2. REXCO, Box 
19250, Jean NV 89019. 


SURVEILLANCE KITS! Telephone, 
Room, Combination Telephone/Room Trans- 
mitters, Catalog with "ELECTRONIC 
EAVESDROPPING EQUIPMENT DE- 
SIGN" Book Review, $1.00. Sheffield Elec- 
tronics, 7223B Stony Island, Chicago, IL 
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BUGGED? WIRETAPPED? Find out 
fast! Countermeasures equipment catalog 
1.00. Capri, Box 589S, Bayfield, CO 81122. 


LASERS - Build Gunsights, Pointers, 
ightshow, Nitelite, Lab. Blueprints and In- 
ictions $9.00 Each. З For $20.00 Free List 
IIGHTWRITERS РОВ 44188 Phoenix AZ 


MINIATURE FM TRANSMITTERS! 


х 25647, Tempe, AZ 85285-5647. 


LASERS, from $40.00 write MWK In- 
lustries, 1269 Pomona Rd, Unit 110, Coro- 
ina, CA 91720, or call 714-278-0563 + 


SOLAR pool heater, simple, effective, 
build for $50.00. Plans $6.95. Kuntz, R2 
|Glenwood, MN 56334. 


63,470 CATALOGS DIRECTORY 
guide. Sources for anything! $5.95: Catalogs, 
jox 14107AB, Jackson, 3923 


PRACTICAL Self help fire retardant for 
fexciting wood shake shingle roofs. Devel- 
for U.S. government. $25.00 for com- 
plete report. C&J INFO РО BOX 279, Lake 
fughes, СА 93532. 


SURVEILLANCE - COUNTERSUR- 
|VEILLANCE! Guaranteed Lowest Prices! 
Huge Catalog $5.00 (Refundable). PROTEC- 
ITOR, P.O. Box 520294-A, Salt Lake City, UT 
184152. 


ALUMINUM can crusher. 8" wide, up to 
1500# per hour. Can be made larger. Plans 
$15.00 parts available. David Whitford Rt. |, 
Box 11, Hollandale, WI 53544. 


DON'T THROW AWAY THAT USED 

COPIER OR PRINTER CARTRIDGE! 
Do it yourself. REFILL IT [canon copiens | 
t E 


Л — SVEOVERTS | cen parens 


MORACK 
INCORPORATED Order or 
2.29 8 


START YOUR OWN SHOP 


Complete neon 


4 lustrations. How to 
earn while you learn, 


йени material 
in United States. Postpaid $85.00 (US. Visa 
tay, (Canadian 575.80). Write for detalis. 

Peter Horsley Publications 


115 Riverbirch Cres. 
SE Calgary AB. Canada Т2С 3M1 


SPEAKERS! Build your own for 50%! 
[Customize Sound, Cabinets with Concise, 
Easy to Understand manual. Send $8.95: 
Sound-Tech, Box 13117, Wichita, KS 67213. 


ЕЕ catalog! Unusual Books! FORBID- 
[DEN Knowledge! Miniature Transmitters! 
BARGAIN Prices! Gall 24 Hours (708) 
674-7926. Write: JUNGLE WHALE 
BOOKS, Box 597496, Chicago, П 
(60659-7496. 


51,000 CATALOGS listed. Sources For 
Anything! $596 Catalogs, Box 92482X, At- 
lanta, GÀ 30314. 


PET Lovers - Keep Pets Cool During Dog 
Days Of Summer, Plans $4.00. DI 

ucts, P.O, Box 293147, Lewisville, TX 
75029-3147. 


Only From $99.00 Video Intercoms From 
$995. m Call G&G Distributors, 
1-800-852-4283. 


WATER PURIFICATION and CON- 
SERVATION How to plans and information 
Save hundreds. 20 pgs. of valuable inside 
information. 15 yrs, experience. Send $10.00 
To: WATER SMITH Ent. PO. Box 200356, 
Austin TX 7872 


DON'T GET CHEATED IN BUSINESS! 
Informative booklet, sample agreements, 
references. $9.95 to: Booklet, Box 1748, Port 
Salerno, FL 34992. 


7° LETTERS AND NUMBERS - dura- 
ble, paintable, mountable. PRACTICAL 
FOR MAKING SIGNAGE. $1.50 each. Call 
or write for brochure. Beta Products PO Box 
601, Mt. Pleasant IA 52641. 


UNDERWATER VIDEO CAMERA 
HOUSING - BUILD YOUR OWN FOR 
€ 540.00. Detailed, easy to follow 

ns, 5 to: Aqua Tech P.O. Box 20386, 
Portland, Oregon 97220. 


PROJECTION TV .. Convert your TV 
to project 7-foot picture. . . .Easy!. . Results 
compared to $2,500 projectors. . PLANS 
AND 8" LENS $27.95 . . Professional Sys- 
tems available. . Illustrated Catalog 
FREE... .MACROCOMA, 15AA Main 


Street, Washington Crossing, Pennsylvania 
18977. . .Creditcard orders 24 HRS. (215) 
736-3979. 


PULLIT PICK IT CLICK IT - PICQUIC 
6 Bit screwdriver. Stores bits like bullets. 
Award winning design - impossible to lose a 

bit - Lifetime guarantee. $21.95 incl S/H - 
Richardson Enterprises, Box 8014-R, 
Blaine, WA 98230 - (604)732-0663. 


SIX SECURITY ALARM STICKERS 
fo windows and doora profesional quality 
$5.00 sase, Catalog $3.00. Securit 

BO Box 130409, Raimond Oklahoma T3013 


PORTABLE HOT TUBS 
‘© Easy to build; low cost assembly 
* Enjoy Soothing Hot Water Massage 
Anytime в Anywhere 
These TUBS currently Reni for 
$200 per night!!! 
Зил Your Own Business BUSINESS PLAN AVAILABLE 
з 


ВО5СА ЕМ NG 
MARKET STREET SUITE 144 PITTSBURGH, PA 15221 


MALL ЕМО! Fix yours! No 
technical, illustrated, easy to understand 
manuals, B&S Lawnmower - $9.50, listing - 

1.00 Box 572, Tomball, 
71317-0572. 


BUILD MODEL PLANETS Easy con- 
struction, painting. Plans, $8.00. Alco-Tech, 
Box 217, Slave Lake, AB TOG 2A0 


PLASMA FIRE 


BE LORD OF YOUR GALAXY 
OR HIT OF THE PARTY 


All New, Сҹ, 


Unique, Bizarre 


Dazzlini 
| Special Effects 
Available in Si 
| * Starfire Red 
+ Photon Blue Plasma 
+ Nova Purple ignition moves 
+ Phaser Green up and down 
Specify Color depending on 
your touch. 
Creates a Bizarre 
& Spectacular Effect 
#PFS20 Assembled $69.50 
HAMS $44.50 


ers, lon Ray Guns, 
| Plasma Displays, Magnetic Launchers, Night 
|. Vision, Wireless Devices, 1005 More... $1.00 


ES 

| ORDERS, Toll Free 800-221-1705 
MasterCard, VISA, Money Order, or COD 

For Into on other ems and discounts, write orca 

SCIENTIFIC SYSTEMS 
PO Box 716-PS Amherst, NH 03031 
FAX 603-672-5406 Tel 603-673-4730 


CABLE EQUIPMENT 


CABLE T.V. EQUIPMENT 


Why Pay a High Monthly Fee? 


Ali makes and models! Low Prices. Quantity 
Warranty, Shipment within 24 

ре ( 806) for FREE catalog 

'epted. 

L & L ELECTRONICS, INC. 

1430 Miner St., Suite 522 

Des Piaines, IL 60016 
For Information 1-708-438-4056 | 
Orders Only 1-800- 


"CABLE BOXES’ 
- Tri-Mode 
: Jerrold SB 


- Scientific Atlanta 


1-800-848-3997 


CABLE TV 
*BOXES" 


Converters —Descramblers 
Remote Controls —Accessories 
* Guaranteed Best Prices + 
* 1 Year Warranty—C.O.D.'s * 
* immediate Shipping * 

* FREE CATALOG * 
all or Write 
TRANS-WORLD CABLE СО. 
12062 Southwest 117th Court, Suite 126 
Miami, Florida 33186 


| 1-800-442-9333 


JERROLD-OAK-SCII 
ATLANTA-HAMLI 
ZENITH MANY MORE CALL TODAY! 
Only quality products sold 
V^ Easy to usc w^ Satisfaction guaranteed 
# Knowledgeable vales staff 
J^ Most orders shipped within 24 hours 
CALL FOR YOUR FREE CATALOG 


1-800-228-7404 NR 
MAKE THE CONNECTIO! 
WITH 


;ECTRONIC 


5114 Balcones Wood Dr. #307 Dept. 298 
Austin, TX. 78759 


CABLE TV IETS—the outlaw 
lication the cable companies tried to 
HBO, Movie Channel, Showtime De 
scramblers, Converters, etc. Suppliers list. 
included. $9.95. Cable Facts, Box 711-PS, 
Pataskala, OH 43062. 


‘CABLE TV Converters and descramblers 
Bargain Headquarters! Jerrold, Tocom, Ze- 
nith, Hamlin, Scientific Atlanta, Oak M35B 
Only $60. Free Catalog. GCN. 1032 Irving 
ST #109, SF, CA 94122. Order Now! Visa/ 
MC/COD 800-327-8544. 


CABLE TV convecters-descramblers 
wholesale club! We specialize in dealer sales. 
Our low 10 lot prices: Jerrold 400DRX3DIC 
$95.00, Zenith Ztac $150, Many others! 
Video-Tech, 3702 S Virginia St #160-304, 
Reno NV 89502. Call today! visa/mc/cod 
800-562-6884. 


DESCRAMBLERS: OAK  M35B, 
$39.95. Also JERROLD, ZENITH, SCI- 
ENTIFIC ATLANTA, etc. Guaranteed. Ca- 
ble Plus, 14417 Chase #481-G, Panorama 
City, CA 91402. 1-800-822-9955. 


CLASSIC CARS 
BATTERY MASTER SWITCH 
a= 


Disconnects all electrical circuits with 
a simple turn of the knob. Attaches 
to battery in minutes. Heavy duty. 
Suitable for 12 or 24 volt batteries. 
Eliminates battery drain, prevents 
electrical fires, provides emergency 
cut-off. 

Remove knob to stop theft and un- 
authorized operation. 


$12. P each postpaid 
Add FA г UR. розі iN Capter 


Box 28 АТН Dia PA 16686 
814-684-2603 


Quantity discounts—12 units or more. 


n 
D 

Hemmings 

Motor News 


INTRODUCTORY OFFER 
мук GIANT Issues 
Dre 


mim 


SEND TO. 
Hemmings Motor News 


EDUCATION & INSTRUCTION. 


COLLEGE DEGREE IN ONE 
YEAR! 

For under $1,000 | got my BA at home through a 
NY State government program. You can too! 
Accredited degrees in Liberal Arts, Business and 
computers. My book guides your application, 
learning and test taking. Send $20: Rondout 
Press PS9, 21 Ravine St, Kingston, NY 12401, 

$21 back if dissatistied! 


3199 


Complete Robot 
Arm, K.LS. (Кем 
ІВМ or Apple Il Software 

EDUCATIONAL ACTIVITY 


KELVIN. 


Td Ave 
(516) 349-7620 


Electronics 
Тауен 
1 (800) 645-9212 


ELIMINATE CABLE SWAPPING. Inex- 
pensive switcher, simple plans, common 
parts, no soldering. Allows multiple ТУЗ to 
watch different sources. $5.95: RAPA Dept. 
C1, PO Box 1012, Patchogue, NY 11772. 


CONVERTERS All Major Brands. Infor- 
mations 


Orders 1-800- 


782-0552. 
РО #5036, 
Sales. 


PARALEGAL GRADED CURRICU- 
LUM. Approved home study. Most afford- 
able and comprehensive. 100 years of legal 
traini E CATALOG 1-800-826-9228. 
BLACKSTONE SCHOOL OF LAW P.O. Box 
790906 Dept. PS, Dallas, Texas 75379. 


PARAPSYCHOLOGY Course. Diploma. 
Universal Esoteric (dept. PS), Box 592191, 
FLA 33159. 
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EDUCATION & INSTRUCTION (сото 


UNIVERSITY DEGREES WITHOUT 
CLASSES. BACHELOR'S, MASTER'S, 
DOCTORATES, ACCREDITED, INEX- 
PENSIVE, FAST. FREE INFORMA- 
TION. DR. JOHN BEAR, PO BOX 826- 
PS, BENICIA, CA 94510. 


FREE CAREER GUIDE. Earn more money 
with Success Proven Correspondence. Diploma 
Courses. Granton Institute, 263B Adelaide 
Street, West Toronto, Canada M5H 1Y3. 


HIGH SCHOOL at home, diploma 
awarded. Low monthly payments. No 
classes, information free. Phone free 
1-800-228-5600, or write: American School, 
Dept, #347, 850 E. 58th St, Chicago, IL 


WORLD WIDE COLLEGE OF AUC- 
TIONEERING, INC. Since 1933. Term 
Soon. Free Catalog COL. Gordon E. Taylor, 
Box 949, Dept. 3 Mason City, IA 50401. 515 
423-5242. 


FREE COLLEGE TAPE External De- 
s Business/Public Administration LAW 
raduate-Undergraduate Financial Aid. 
(800) 759-0005 LASALLE UNIVERSITY 
Mandeville, LA 70470-4000. 


BECOME A PARALEGAL. WORK 
WITH ATTORNEYS. HOME STUDY. 
FREE CATALOGUE. 800-223-4542 
EPT. LK 109. 


INTERNATIONAL DEGREE programs. 
For general catalog send $9 to: Somerset 
eee Poydras Center - Suite 2304, 650 

New Orleans, LA 70130. 


BACHELOR'S, MASTER'S, DOC- 
TOR'S degree programs in a wide range of 
subjects. Details: The Research Bureau, 
Poydras center-Suite rui 650 Poydras St. 
New Orleans, LA 70130. 


DISCOVER SCHOLARSHIPS and 
FINANCIAL AID AWARDS! For informa- 
tion write to ScholarshiPlus, P.O. Box 8374, 
Reno, NV 89507. 


ICOME A VETERINARY ASSIS- 
TANT/ANIMAL CARE SPECIALIST. 
Home Study. Free Career Literature 
800-223-4542 Dept. CK 109. 


INAL RESEARCH. SEND RE- 
OR DETAILED LETTER, PHONE 


ymaking ca- 
Lockemithing Institute. 
Dept. Bir 090.1 Fairfield, NJ 07004. 


SCHOLARSHIPS, GRANTS, LOANS, 
for e Free information. Kensam, Box 
1383-PS8. Far Rockaway, NY 11691. 


UNIVERSITY DEGREES Without 
Classes! Accredited Bachelor's, Master's, 
rates. Free Revealing Facts! Thorson- 

PS9, Box 470886, Tulsa, OK 74147. 


SUPERLEARNING! Triple learning 
speed through music! Develop Supermemo- 
quon contro] stress. Free—book excerpt & cat- 

alog. Superlearning, 450-РЅ9, Seventh Ave- 

0123. 


nue, N' 


LEARN Computer Skills Fast. Proven 
Course Includes Workbook, Audio Tape, 
Practice Diskette, Free Details. Box 5527 
_ Dept A202, Hopkins, MN 5534: 


AMERICA'S BEST IN COL- 
LEGE. Send $1.00 and. ASE to: SAS, 35692 
Rd 180 Visalia, CA 93291 


FULLY APPROVED UNIVERSITY 

М Economical home study for 
, Masters, Ph.D., fully approved 

by California State Department of Educa- 
tion. Prestigious faculty counsels for inde- 
pendent study and life experience credits 
(5000 enrolled students, 400 faculty). Free 
Information—Richard Crews, M.D. (Har- 
vard), President, Columbia Pacific Univer- 
ity, Department 2R59, 1415 Third Street, 
San Rafael, CA 94901. Toll Free: 1800) 
227-0119; California: (800) 552-5522, or 
(415) 459-1650. 


ELECTRONIC EQUIPMENT 


LASERS: 0.5mW Rechargeable Hand- 
held, $199.95 + $5.00 S&H. Power supplies, 
Tubes, 0.4-5mW. Check, Money Order, 
C.O.D. Free Catalog. KRL Systems, Box 
9491, Stanford, CA 94309. 


SURVEILLANCE - Privacy control - De- 
bugging - Protection. (Kits - assembled) 
Large new catalog $5.00 Triron 2209F 
Lapalco, Harvey LÀ 7 


EMPLOYMENT INFORMATION 


EASY Work! Excellent Pay! Assemble 
Products At Home. Call 504-641-8003 Ext. 
8068. 


JOBS, Any State, Any Occupation, 
cluding Government, State, Public. Also 
Cruiseships, Tugs, Ships, Riverboats, Oil- 
rigs. Women-Men. Work month- Home 
month. U.S.A. plus Overseas. Information 
$5.00. Nationwide Employment, B223 Cen- 
tral, Indiana 47110. 


OVERSEAS ... $30,000 - $75,000. 
Free Report! Employment, Вох 19760-FI, 
Indianapolis, IN 46219. 


ENERGY SAVING 


SOLAR, GREENHOUSE, AQUACUL- 
TURE AND EMERGY SAVING CATA- 
LOG! 64 pages. Order from one expert 
source. Featuring Sun-Lite* for do-it- 
ourselfers, builders, designers. Ameri 
йен. energy saving mail order ho 
$1.00 postpaid. Solar Components Corpora- 
tion, Dept. PS, 121 Valley St., Manchester, 
NH 03103. PHONE 603-668-8186 


CO-GENERATE Electricity and Profits. 
Your own Micro-utility. Free Details. R&D, 
РО Box 221/Р5, Addison IL 60101. 


FINANCIAL 


DEBTS? wither BAD CREDIT? No 
problem! help now. Applications ac- 
cepted $500-$50,000. Not а loan company. 
Free app: ТСАС, Dept. PS. 400 Century 
Park South #117, Birmingham, Alabama 
35226 or call (205) 979-1400. 


BORROW: $100 - $100,000! Fast! Confi- 
dential. Glendale Associates, P.O. Box 
260279, Plano, TX 75026. 1-800-444-6519. 


‘QUICK Loans, financial help! Easy Qual- 
ing, refused elsewhere? Call 1-404- 
44 Nationwi 


CREDIT: Getting/Managing/Correctinj 
No Gimmicks. Free Information (SASE), 
Box 5656, Fargo, ND 58105. 


REPAIR your credit rating! Plus fil 
bank account with cash! Free details, 
Promised Land Ranch, Route 4, Box 236 
Booneville, AR 72927. 


FISHING TACKLE 


“WOODIE BASS STICKS"- Unique 
wooden bass lure. 'Many Master Angler 
‘Awards? 4/10,00. Wolverine Tackle, P.O. Box 
567, Keego Harbor, MI 48320. 


FORINVENTORS 


INVENTORS! Confused? Need Help? 
Call IMPAC for free information package. In 
U.S.Canada 1-800-225-5800. 


INVENTORS: Call TLCI for free infor- 
mation 1-800-468-7200 24 hours/day — 
USA/Canada 


ify 


DEAL DIRECT WITH 
REGISTERED PATENT ATTORNEY 


GRADUATE ENGINEER 


З YEARS OF EXPERIENG! 
U.S? a INTERNATIONAL PATENTS 


Patent and develop your idea with the 
experience of an expert. Call or write for free 
[confidential advice, information packet and 
forms for confidential disclosure and record of 
invention. 

Overseas production. 


‘and research readily avaliable. 
INTRODUCTION TO INDUSTRY & MARKETING PLANS| 


сору! 

Less than 1 hr from 
US Patent Office 

CALL TOLL FREE 1-800-442-2728 


MICHAEL I. KROLL 

REGISTERED PATENT ATTORNEY 

US PATENT REGISTRATION 26,755 
171 STILLWELL LANE. SYOSSET. NY 11791 


INVENTORS! Can you patent and profit 
from your idea? Call or write for your 
free information package. Over a decade 
of service. AMERICAN INVENTORS 
CORPORATION 82 Broad Street, Dept. 
PS. Westfield, Massachusetts, 01086. 
1-800-338-5656. In Canada call (413) 


D ED PATENT ATTORNEY. 
A. Kettlestrings, 414 Hungerford Drive, 
Recife Maryland 20850. 1-800: 
748-6216. 


FREE help for inventors! No charge for 
ion forms and information kit. Affili- 
ated Inventors Foundation. 1-800-525-5885. 


PATENT IT ECONOMICALLY! Free 
Cen Licensed since 1958. Rainer Associ- 
ates, 2008 Fondulac, Richmond, VA 23229. 


INVENTORS. New Invention Magazine 
Brainstorm - For Free Subscription Call 
1-800-627-07. 


TAIWAN PATENT AND TRADEMARK 
REGISTRATION Low charges. Alfred & 
Jason, P.O. Box 82-144, Taipei, Taiwan. 


INEXPENSIVE WAY To Do The Patent 
Research 1 


PATENT PRIMER Look Before You 
Leap. $3.50 For Inside Information. 329 Oak, 
Brookfield, IL 60513. 


FOREIGN NEWSPAPERS 


WORLDWIDE ENGLISM newsrd 
PERS/MAGAZINES! SAMPLER: 3/$2.9! 


FREE BROCHURE. Multinewspapers 
Box DE-39, Dana Point, California 92629. 


GARDENING 


атакинопвев-_ Нык де 7 
Kits. Hobby/Commercial sizes. 


chure. IC BE GREENHOU 
BOX 1564-PS МОВ! . (1/800 
628-4974) 


WEEDEAT Without the WeedEater. $3.00 
- SASE, GM Campbell P.O. Box 423: 
Houston, TX 77210-4238. 


RU LUE E AL Li — 

OVERSIZED LAWNS Watering trees 
shrubs. Send $3.00 to: Endicott, Box 552 
Milford, IN 46542. 


GOODEATING 
MAMIE'S HOMECOOKING SOUTH, 


ERN Recipes. Send $5.00. Recipes, Вох 269 
Cottonton, AL 36851 


INTS, GETTING ONE..A Cost- 
cuin Primer for Inventors" Published 
ite for free brochure. Academy 

Books, Dept. S, Rutland, VT 05701. 


FREE U.S. GOVERNMENT EVALUA- 


or letric, Box-39060, Philadelphia, PA 


INVENTORS: Need an Experienced Pat- 
ent Attorney? Call Morris Borenstein 
1-800-343-6246. 


INVENTORS: Free information on offer- 
ing your invention for sale. Kessler Sales 
Corporation, C-7-FI, Fremont, Ohio 43420. 


HOME REPAIRS & REMODELING 


ASBESTOS IN YOUR HOME? A guide 
for homeowners - $5.95 Catalog of publi 
tion = $1.00 PO. Box 226 Brighton, TN 
11. 


FOR THE HOME 


NEVER NEVER Make extra trips to pa- 
perbox again! Know when your news, 
there, FREE INFORMATION. BGL 
Fo mes 5800-S Plainview, Evansville, IN. 
47112. 


TIRED OF SLIDING SCREEN DOOR 
HASSLES. Send $10.00 for plans to: KICK- 
аны, 850 Papalalo Pl., Honolulu, HI 


STOP CRIME AT НО! your 
home from intruders and thieves. Learn the 
methods they use, and what steps or mate- 
rials are needed to stop them. Not just 
alarms. Send $9.95 Check or M/O: RK En- 
terprises, P.O. Box 57565, Murray UT 84157 


STOP USING TOXIC INSECTICIDES 
IN YOUR HOME! Exclusive how-to guide 
explains proven techniques to control insects 
without chemicals or electronic gimmicks. 
Satisfaction Guaranteed. $5.95. Mark Stev- 
ens, P.O. Box 2233, Newport News, VA 
23609-0233. 


EXTENSION 
CONNECTION 


"Lock" your extension cords ог power 
tools together without knots or tape. 


GARDEN SUPPLIES & 
EQUIPMENT 


PUMP WATER 
NO GAS/ELECTRICITY 
with Fleming Hydro-Ram 


use Flowing water to pump water 
$3.00 for Detailed Brochure 
RAM CO.Box 16S 

Lowesville, VA 2295: 


PEANUTBUTTER and Martha Wash: 
ington Bon Bons. Almond Roca. Easy. Deli! 
cious. $2.00/LSASE. Cash/M.O. Reci 
10526 Long River Dr. Sugar Land RX 
71478-1410. 


SPECIAL FAVORITE HUNT FAMILY 
RECIPES, 12+ Date & Nut Dessert, Nor; 
wegian Drop Cookies, desserts, breakfasts, 
mee Send $5.00 money order & АЗЕ to 

iunt Family Recipes, Р.О. Box 595, Addison 
tx 75001. 


GOVERNMENT SURPLUS 
DRUG RAID SEIZURES! Buy diri 
cheap. Cars, houses, boats, computers, furni. 


ture. Write: Seizures: Box 4309-YG West 
Covina, CA 91791. 


HAIR CARE 


MEN'S Hairpieces—Free Catalog! T.I D., 
2415 Main #209-PS, Stratford, CT 06497. 
HEARING AIDS 


JOY HEARING 


All-in-the ear Hearing Aid! 
Nothing over, under or behind 
the ear. . . no cords, tubes or 
wires. Simple slip-in fit. Full 
range volume control. 45 di 
tial. NO salesman will call. 
Order your free catalog! Write 
Rhodes Hearing today! 


ог call 24 hrs./ day 


1-800-453-4905 


RHODES HEARING 
Dept. 12J, Brookport, IL 62910 


HEARING 


PRI AL 


I SUPER SAVINGS! Newest. Finest, All 
1 pes. Buy DIRECT & save t to HALF! 

No salesmen. Sold by AIR MAIL on HOME 
J| TRIAL. FREE Catalog. Write: 


[| MONEYSAVERS. 


Dept. PS9D 36658 Apache Plume Dr. 
M Рата, CA 99550 
HELP WANTED 


GUARANTEED LEGITIMATE WORK! 
TOP PAY! Assemble products at home. 
(904)686-3634 Ext. 6050. 


GOVERNMENT JOBS $16,412 - 
$59,932/yr. Now Hiring. Your area. Call 
(1)805-687-6000 Ext. R-20025 for listings. 


HIGH Pressure Sodium Lamps For Your 
Indoor Plant Growing Needs. 1-803- 
871-8285. 


EARN MONEY Reading books! $30,000/ 
yr income potential. Now hiring. (1) 
805-687-6000 Ext. Y-20025 
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HOBBIES & COLLECTIONS 


е $1.00. 
fernon, Box 


MILITARY Medals Catalo; 
Early subscription $8.00. S. 
560PS, Wildomar, CA 92395. 
RADIO CONTROL - Exciting videos 
how you how. Airplanes 19.95 Helicopters 
195 Cars 14.95 Catalog free. Build, Fly, 

Finest videos made. Milt Video Li- 
rary, Dept PS1, 33 Lakefront Road, Put- 
am Valley, NY 10579, 800-248-MILT. 


HOME BUILDING 


CONSTRUCTION FINANCING To 
iuild A Home. Where to get it, how to use it, 
ave thousands. Free information. Dept 10, 
lowlin Consulting, 5552 Dupont S, Min- 
eapolis, MN 55419. 


HUNTING & FISHING INFO 


BEEMAN ADULT AIRGUNS! MS 
nost accurate and most powerful, ге 
roduction airguns, Calibers: 177, 20,22, 
25! Lary 'S, sales. Unequalled trigger 
Pon. lurability, ownership pride, qu: ity. 
lso: pointed, hollow point, extra heavy, 
locity, and match pellets. Free 108 pe 
'uide/Catalog. Add $2.00 for fast um 

ian Precision Arms, 3440 GAC Ai 

ta Rosa, CA 95403. (707) 578-7900 i 
urs). 


HYPNOTISM 


otism. Slee} 
} Box 487, Anaheim, CA 


FREE Hypnotism, Self-Hypnosis, Sleep 
aming Catalog! Drawer , Ruidoso, 


FREE H; 
ication. DI 


Learning Pub- 


INVENTIONS WANTED 


LEARN how to offer your invention for 
le or license. Free booklet outlines pro- 
pdures, royalty rates, requirements. 
essler Sales Corporation, С-7-РІ, 
mont, Ohio 43420. 


INVENTORS Your first step is impor- 

nt. For free advice, call ADVANCED 

'ATENT SERVICI Washington, DC, 
58-0352. 


INVENTIONS, ideas, new products! Pre- 
tation to industry and exhibition at ni 
ional innovation [remi 1-800-288- 
IDEA. ISC-PS, 903 Liberty, Pittsburgh, PA 
15222. 


JEWELRY 


14K Gold Jewelry $14.00 per gram all 

les. Information $9.95 sase. Golden Op- 

tunity, PO. Box 92107, Anchorage Al 
2107. 


LOANS BY MAIL 


BORROW $50,000 "FAST: Any Purpose 
uarantoed. Capital, Bax O61358-PS, Char- 
lotte, NC 28256. 


|, IMMEDIATE Loans to deserving individ- 

als refused elsewhere. Many plans 

zluded. Ty. us! Associates P3, Box 9008, 

Baldwin, NY 11510-9008. 

BORROW BY MAIL Get $500-$75,000 
ку Nearly everyone qualifies! Request 

lication. MJS Industry, Box 531, 
Bronx, ГҮ 10461-0531. 


LOANS ! LOW PAYMENTS. (Exampl 
$5000 Personal approximately $155/month). 
Visa/MasterCard 516-349-0251, 

BORROW $500-$40,000! "Overnight" 
On Signature. Keep indefinitely! Action, 
Box 5499-Y Diamond Bar, CA 91765. 


BORROW 260, lg "Overni, ы мүр 
indefinite s! 
Wiartin Bor 195.58. Saety 
34695. 


Harbor, FL 
BORROW $500-$200,000 
Nearly everyone qualifies! Free Aj 
FSE, Box 10321, McLean, VA 22102. 


ication. 

BORROW $500—$40,000! “On oe 

sure"! Any Purpose! 97% Eligible! Free 

Application: National, Box 7627-K, Long 
90807. 


jur- 


uickly. 


CREDIT Repair, untold Secrets, USA Box 


2168-P Van Nuys CA 91404 
BORROW $100-$100,000. Ss ickly, on 
3ignature/Secured Immediately! Apply 


Now! 1-404-879-5514. 


LOOK Before You Leap! Quick Loans/ 
Zredit Card Offers EXPLAINED and EX- 
POSED. 1-900-988-7444. $9.95/Call. 


олан а pep! Fast Approval! All 


жере Car, Home, Business, Holi- 
Prs, 210 Fifth Ave., Dept. 1102, NY, 


CASH HOTLINE Loans Up To Your 
Yearly Income. Fast Approval With Proof Of 
Employment. 713-621. 


VISA MASTERCARD! Despite Past 
Credit, Experience! Apply Toll-Free: 
1, Extension 26. Issuer Ne 
Era Bank, Somerset NJ 


BORROW $500-$200,000 on signature. 
Saint, P.O. Box 602, New York, NY 10018. 


| 


| 


$100,000 line credit without investiga- | 


tion! Private Swiss bank account! Other 
financial benefits! Free valuable report! 


МАСС PS-9 Box 5399, Torrance, CA 90503. | 


BORROW $500-$100,000! “Immediatel 
Qn Signature. Keep Indefinitely! Credit-2M, 
Box 1621, Spring, 77383 

CASH GRANTS AVAILABLE from 
foundations! Never Repay! 


applications instructions — $3.00. 
Fundsearch, Box 19107-FI, Washington DC 


FREE MONEY! $300,000,000 GIVE- 
AWAY. Grants. Never repay. Details $1.00. 
Jakla, Box 3066-PS90, Seminole, FL 34642. 


01 sources! | 


MAKE WOODEN TOYS, whirligigs, 
door harps, dollhouses, clocks, music boxes, 
weather instruments, crafts, furniture with 
our plans, parts, kits, supplies Catalog 
$1.00—(614) 

Belmont, Ohio 43718-0369. 


тту Tree Toys, 


ARAB BUSINESSMEN have money to 
buy invest. Тор finders fees paid. 


0990 PS1. Box 3574. Newport Beach, CA | 


92663. (714) 722-9260. 


1-900-USA-VISA ($10 per call) Visa/ 
Mastercard. Instant Preliminary Approval 
With This Call! Poor Credit. 


KITES 


FKITES Sy 


I FREE coton SERENA 
[| Choose from over 100 kites. 

Many unusual & innovative designs. 
[| Call or write for your catalog today Vg 
[| Into The Wind • (303) 449-5356 | 

65 Peart St., Boulder, CO Loge | 

eT | 


HOVERCRAFT 


HOVERCRAFT Plans, Parts, Catalog 
$1.00. Universal Hovercraft, Box 281, Cor- 
dova, IL 61242. 


BARTLETT FLYING SAUCER 
ULTRA-LIGHT Hovercraft Featured In Doc- 
umentary Film, “Force Beyond” Powered By 
Ordinary Lawn Mower Engine. Complete 
Plans, Sources and Photo Review 
$10.00 (24 Hour Return). Send To: Herb 
Bartlett, PO. Box 156-5, Silverdale, WA 


HOVERCRAFT Plans, 3 to 160 Hp. Infor- 
mation $5.00 (refundable). Sevtec, Box 846, 
Monroe, WA 98272 


HOVERCRAFT PLANS EASY TO 
READ $3.50. KIRSCH, 10721 GREEN 
s INERVA, OH 44657. 


AIRBORNE 


Luxury Cruiser 
and Racer 


American Hovercraft & Sports Anaheim,CA. 
(714)970-8870 — Dist/Dealer ing. Invited. 


"ZERO ALTITUDE FLYING” EXPERIENCE | 
AEROSPACE TECHNOLOGY 


VIDEO INFO PACK include. Fed 
IVR product introduction, м 
into $2 


hovercratt principle, 
pe 


IVA, м074 Nacondoste 
"#322, San Antonio, Tx 78247 


HOME CRAFTSMAN 
BEAUTIFUL WOOD CHANDELIER: 


je CHALK BOARDS e sı REG's ө AND MORE 


3/4" X 100 FT. 5. {Энн paid 
з SOLD 


USEFUL 
TOÀ MTISPACTION GUARANTEED 
‘Send Ck or MO. Tor 


AK SEALS, вох i544, KENAI, AK 9961-1544 
Visa 8 Mester Cord Orders Call 907-283-7716 


NEW! BUILD AMAZING LIQUID PIS- 
ТОМ ENGINE from pipe fittings. Easy 
Plans. Free information. ABCO, Box 306-59, 
Seminary, MS 39479. 


OUTDOOR PROJECT: YOU CAN 
BUILD! Catalog $1.00 Classic Designs, PO 
Box 3, Mount Aukum, California 95656. 


LOG CABIN & HOME BUILDING 
DREAMHOUSE 10 Easy Steps. $4.00. 


DREAMHOUSE, Box 1779, Havre, MT 
59501 


MAILING LISTS 


EW NAMES DAILY! IMMEDIATE 
SHIPMENT! Guaranteed Opportunity 
Seekers. Adhesive labels. 200/$8; 500/811; 
1,000/$18; 2,000/$29; 5,000/$59 QUALITY 
LISTS, Box 6060-CW, Miller Place, NY 
11764. VISA/MC/COD. 800-356-6392. 


NEW ACTIVE NAMES!! 
MIXED STATES! IMMEDIATE SHIP- 
MENT! Adhesive Labels — Hot Line Oppor- 
tunity Seekers, 200/$10.00; 500/$15.00 
1000/$25.00. Others. ADVON Drawer B6, 
Shelley, ID 83274, Visa/MC/AmEx. 
1-800-992-3866. 


BETTER MOUSETRAP! NON-TOXIC: 
Catch them alive! Wild release or free them 
at Aunties! Plans, from household items 
Rush $5.95 to The Brown Sprite, 3543 Brest 
Avenue, Norfolk, VA 23509. 

SUPER EXTRA INCOME with Nutri 
tion Express! Details free! Dewey Hol. 
lyhand, Box 75, Coker, AL 35452. 


RADIO TV ELECTR 


AMAZING NEW SUBWOOFEF 
DESIGN! UP TO 104 dE 
EFFICIENCY! UP TO 50‹ 
WATTS UNDISTORTED! 
BELOW 30 HZ RESPONSE 
BUILD FOR UNDER $100 
FOR PLANS SEND $4.99 TC 
BAS BOSS, Р.О. BOX 119: 
MILLINGTON, TN 38083 


RECORDS, TAPES, ETC. 


GREAT ENTERTAINMENT FOR KIDS 
audio cassettes Call Kidsounds for free bro 
chure 800-627-0982. 


RUBBER STAMPS 


MAKE Rubber Stamps. Highly Profita- 
ble. Free details. STAMPE! О. Bes 22806 
(Ш.Х), Tampa, FL 33622 


SATELLITE TV 
Satellite-TV 22% 
Save 30%-60% “А ШО 


P stems, upgrades, 
IRDs, movers, Feeds, LI 

J, o 24' dishes and mort 

Like - 

teroy, Uniden, Drake 
HTS, Crbitron, etc. 

gj 800-334-6455 

7 218-739-5231 MN & INT. 

6 COLLEGE Wi 


202 Gi 
cal FERGUS FALLS, MN 50597 
ж, 


INSTALL OR UPDATE YOURSELF! 


SATELLITE TELEVISION ОЕ. 
IRS Complete Detailed Plan: 
instruction By Anyone. $5.00. 

Jansen Electronics, P.O. Box 25161, Seattle, 
WA 98125 


IDEOCIPHER Technical Manuals In- 
cluding Software. un og - $3.00. TELE. 
CODE, P.O. BOX 6426-PS, Yuma, AZ 
85366-6426. 


Gel or FREE 32 Page Сино. 
jorBrands. Lowest Prices. 


1-800-222-9064 
1741 Cedardale Ва 
Mount Vernon, WA + 98273 


NOBODY UNDERSELLS WEST 
MONEYMAKING OPPORTUNITIES 
BUMPERSTICKER PRINTER. Cheaj 


simple, portable. Free details. Bumper, PO 
Box 22791 (LLD), Tampa, FL 33622 


FIRST ORDER “TRIPLED FREE"! 


| Opportunity seekers! Computerized, ad- 


Build for UNDER $30! Detailed plans & | 


instructions - $5.00. TechCom, 19721 Mad- 
ison, Nampa, ID 83687 


hesive labels. 200/$5; 500/$9; 1,000 
$15; 2,000/$24; 5,000/$49; 10,000/$92. 
LIST-MASTERS, Box 425-WK, Mt. Sinai, 
NY 11766. Visa/MC/COD call 


MISCELLANEOUS 


RECYCLERS! CRUSH five cans in just. 
seconds on cushion of air! From ordinary 
materials. Plans $5.95. Box 30351, Tucson, 
AZ85751-0351. 


HANDMADE MINIATURE COLLAPS- 
IBLE CONSTRUCTION BARRICADE, 
Yellow with Black Stripes. $20.00 
BROKKEN CREATIONS, POB 1262, Elk 
Grove, CA 95759-1262. 


MAKE Rubber Stam Highl Profita- 
ER, P. Box 22805 


ble. Free details. STAMI 
(LLD). Tampa, FL 33622 
SY Work! Excellent Pay! Assemble 
Products At Home. CALL 504-641-8003 
EXT. 6517 
EXCELLENT Extra Income! Easy Home 


Assembly Work. 24 Hour Recording. 
(6191966-6083 Dept. 10: 


SEND $5.00 GUARANTEED. ENTRE- 
PRENEUR, BOX 2069, MONTROSE, 
COLORADO 81402-2069. 


EARN $29.00 ON EVERY $30.00 
SALE! Complete details $2.00 (redeem- 
able). ECU, . Вох 789, Deer Park 
N.Y. 11729, 


STICK ЕМ UP! Display Fresh Blossoms 
With Unique Plastic Tubes On Suction 
Cups. 4 for $7. Comstock Flowers, Box 495 
Reno, NV 89504 


HIGH PROFITS WITH CUSTOM 
T AND CAPS. Transfer machines 
A PRESS, POB 22809(LLD), Tampa, 
FL 33623. 
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MONEYMAKING OPPORTUNITIES 
(Con't) 


EARN HONEST MONEY thru sales 
send $34.95 to BCL Audio and Video PO Box 
2668 Gaithersburg MD 20886 for start-up 

it, 

GOLD from junque. Send $9.95 to Gold, 
вв 8947 Albuquerque N.M. 87198. 


cHOMEWORKERNS, NEEDED! 100% 

Companies now hiring! Nationwide! Free 

Details: DR, Box 180-P, Jackman, ME 
04945. 


MUSICAL INSTRUMENTS 


INTERNATIONAL VIOLIN COMPANY, 
tonewood, tools, varnishes, parts, accesso- 
ries, strings, cases, instruments, bows. Vio- 
lin, guitar kits Catalog $1.00. Dept. PS, 
4026 W. Belvedere Ave., Baltimore, MD 


"OF INTEREST TO ALL 


GOLD CREDIT CARD GUARANTEED 
APPROVAL. NO BANK DEPOSIT NEC- 
ESSARY. CATALOG SHOPPING USA 
GOLD CARD 1-800-889-7774. 


o MITravamO, ANTI-FOG, GLASS 
LEANER, EYEGLASSES, WIND- 
SHIELDS, COMPUTERS, TELEVISIONS. 
SEND $6.00, P.O. BOX 1233, COMMERCE, 
TEXAS 75428. 


PERSONAL PROTECTION ITEM: 
Pocket size, ensure your safety. Free catalog. 
Fisher Company, 8610 Boxborough, Dept 
103, Greensboro, NC 27. 


PLASTICS 


CASTOLITE Liquid Plastics. Crystal 
clear, colors. For casting, embedding, eoat- 
ing, fiberglassi and E 
ing with our Mol ing Supplies. 

3200. CASTOLITE, Dept. 90L/PS, Box 
391, Woodstock, IL 60098. 


REALESTATE 


*BUILD YOUR DREAM IN COLORA- 
ро“ Build your cabin from your own trees. 


Down Easy Terms. Free Brochure Call To- 
day 1-800-983-0582. Patten Land of Colora- 
‘orp. 


MONTANA LAND BARGAINS: 20 
mountain parcels starting at $12,900. tul 

NOW for FREE information. 1-800-252- 

LAND. Yellowstone Basin Properties. 


NORTHERN IDAHO. 5-10-20 ACRES. 
Beautiful Northwest forest and lake coun- 
try. Hunting, fishing, recreation, retire- 
ment. Hundreds of parcels. Easy terms. 
FREE brochure. NATIONAL ASSOCI- 
ATED PROPERTIES, 1111-PC Sherman, 
Coeur d'Alene, ID 83814. (208) 664-8161. 


CALIFORNIA. Acreage. Lots. $50 down. 
$50 monthly. 4602 Ethel Ave., Sherman 
Oaks, CA 91423. 


HOW To Make Thousands in building 
Lots. Send now for free information to: 
BULOTS, P.O. Box 780276, Sebastian, FL 
32978. 


COLLEGE DEGREES, High School Di- 
lomas. Authentic looking. Free Catal 
ept PS-149, National Certificate, 210 50 
Avenue, New York, 10010 (718) 768-6803 - 
(24 HOURS). 


“MIRROR ETCHING” $12 Kit, Com- 
pleted Sells for $40. For details Send $200 
irror Etching, Box 390302, Denver, CO 


HELP Save Our Earth - PEREGRINE'S 
QUIDE TO AN ENVIRONMENTALLY 
RESPONSIBLE MOME shows how! $9 
511 Cass Two, Omaha, NE 


Peregrine, 
68114. 


NEW AGE SUBLIMINAL RELAX- 
ATION c60 audio cassette $19.95 Triad Mar- 
keting, 906 24st Watervliet, NY 12189. 


T9. 
OLD GOLD, JEWELRY WANTED 


TAKE NO CHANCES, Deal with oldest, 
most reliable firm in old gold business. Es- 
tablished 1934, We buy Gold, Silver, Plat- 
inum, Diamonds. Highest Cash. Free infor- 
mation. Rose Industries, 29-Y East Madison, 
Chicago 60602. 

HIGHEST CASH for Gold, Jewelry, Gold 
‘Teeth, Rings Diamonds, Watches, Silver, 

ai 


Platinum. Mail Articles Today. Free gift 
with Information. Chi Gold & Precious 
Metals, 10 S. Wabash, t. 157, Chicago, 


PLANS, BLUEPRINTS 


E One Man Plans $5.00. 
‘Summer, Dept #6, Algonac, 


CREATIVE Alum/Wood 12' DRIVEWAY 
SECURITY GATE Plans $12.95. Brochure 
$2.00. Micron, 3559 Countryside, Glenwood, 
MD 21738, 


“DESTRUCTOR” - Home incinerator. 
Reduces almost anything to ash. Plans 
$1.95. РОВ 489, Cairo NY 12413. 


PLATFORM BED: W. Strong, 
easy, common materials. Ki n/Ful 
Plans: $5.95, RAPA Dept. C2, PO Box 1012, 


Patchogue, NY 11772. 

BUILD Automatic Home Water Filter 
Unit For 20% Of Retail Cost. Complete In- 
structions $2.00. Guaranteed, Water, 308 
Rustic, Algonquin, IL 60102. 


REDUCE Utility Bill 40% for 
Prewater heater, Send $14.95. Mei 
neering, 4802 Charlotte Street, Coluia 


lapa of 


PLANS & KITS 


DOMES by Natural Simply the 
BEST! Call Us - 800-733-7107. 


torpore HOMES Rost! (u re- 
pair). Delinquent tax property. Rej 4 
sions. Your area 1116086876000 Ext. 
GH-20025 for current repo list. 


RADIO, TELEVISION 


SECRET Scanner Frequencies: Federal, 
Police, etc. Free Catalog! CRB, Box 56PS, 
бамы МҮ 11725. 


SCIENCE & CHEMISTRY 


225 PAGES! 1988 Glassware, chemicals, 

equipment, books, experiments, DINO: 

and charts! Most comprehensive cat- 

offered by anyone in this column. Es- 

blished 1970. 33.0005) REFUNDABLE 

‘Analytical Scientific, 11049 Bandera San 
Antonio, TX 78250. (512) 684-7373 VISA. 


CHEMICALS AND LAB EQUIPMENT 
Chemicals, small or large quantities, for 
your convenience. Glassware, Scales, Micro- 
Scopes available. Send $5.00 for catalogue. 
Chem Lab, 
CA 92670. 


PPERIMENTERS" LABORATORY 
CHEMICALS - GLASSWARE. Catalogue 
$1.50, established 1953 Hagenow Laborato- 
ries. 1302 Washington, Manitowoc, Wiscon- 
sin 54290. 


1060-C Ortega Way Placentia, 


ELECTROPLATE chrome, nickel, gold. 
75 minute VIDEO textbook. $29.95 for de- 
tails: Regal, POB 1071, Provo Utah 84603, 
801-372-0416, Visa, MC. 


BASIC CHEMISTRY EXPERIMENTS. 
Perfect for children. $10.00. Dennis R. Hall, 
P.O. Box 383, Jamestown, PA 16134. 


SONG WRITERS 


POEMS—SONGS WANTED. Free 
pencil Promotia, Broadway Music, 
Box 74: Sarasota. FL 33578. 


COPYWRITE Your Creations PRO- 
TECT Yourself Copywrite Kit $9.95. Porto 
Productions, 13145 Spring Hill Dr., Spring 
Hill, FL 34609. 


SPECIAL SERVICES 


INFORMATION On Anything. Ferguson 
Research Specialists. 60-15 Woodside Ave- 
nue, Woodside, NY 11377. 


TRANSFER old home movies to VHS 

. Ае per foot! Free details. Send SASE. 

DEOS, PO Вох 617, Middletown, Ohio 
45042 


COPYRIGHT your ideas today! Informa- 
tion packet $20 CashCo, POB 608-PS, Com- 
merce, GA 30529. 


DO YOU WANT TO KNOW? Any Infor- 
mation. Comy ary Soper ану" Avail- 
Information 


беш PO Box 2065 Muskogee OK 14402 


STAMP COLLECTING 


Countries, 
Hanford, CA 


DISCOUNT Stamps, 
Free List. IVA, Box 197- 
93232. 


50 DIFFERENT Old U.S. Between 1861 
and 1939. $1.00. Rousch, Box 3734, Mans- 
field, OH 44907. 


TED NATIONS 3 Mint Sets, 250. 
суре, FOB 15087, Lake Placid, Florida 


FREE! Big Catalog- New edition listing 
thousands ins on Worldwide stamps, 
packets, albums, and accessories. FRE 
when juesting stamps on approval = 
wat you like, Return "balance Jamestown 
Stamp у, Dept E90PS, = 
NY 14701 oe 


500 worldwide stamps $1.00 with 
als. White, Box 999-ЕЕ, Dunedin, FL 


PENNY Stamp a Retin 
ax C. Kloster, 4164 52nd St. San Di- 
92105. 


1,000 STAMPS, $2.95. Guaranteed 
worth over $30 at standard catalog prices! 
All-different, 55 countries! Money back if not 
delighted. Approvals. Kenmore OM-192, 
Milford, NH. 


STEEL BUILDINGS 


INGS, 25 x 30, 30 x 40, 40 x 60, others. Fac 
tory Direct 1-800-548-6871. 


TOOLS & MACHINERY 


BOLTS, SCREWS, TOOLS, WHOLE- 
SALE, DIRECT. Guaranteed. Catalog 
$1.00 (refundable). Camelot, Dept. 33, Box 
65, Bristol, Wisconsin 53104. 


4° METAL Cutting Lathe $114.25., Taig, 
15048 Proctor, Industry, CA 91746. 


LATHES 
“STARTING AT 3350 
Mills *Metals “Books 


Catalog $2.00 
(1000€ of tems) 
d 513-322-8562 
CAMPBELL TOOLS COMPANY 
‘Reed, Springfield, Ohio 48505 


SAVE money buying an air com 
Learn how, send $10.95 to: Airrich, 
116, Alden, NY 14004. 


ressor. 
О. Box 


NL SMARPENERS REPORT” Monthly 
iewsletter. [eem маа Equip- 
ment. FREE Brochure. SKOG Conan 4 

Bree PO 22559, Minneapolis, MN 


TOYS & GAMES 


TREASURE FINDERS, 
METAL DETECTORS 
FIND Old Coins, Jewelry, Gold Ni 
New Patented Revolutionary Device. 


Catalog. Gardiner Electronics, 31311, N 
35th Ave., Suite К, Phoenix, AZ 85017. 


VIDEO EQUIPMENT 
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1-800-367-7909. | 


VISAMCANEX DISCOUNTS 
[MEMBER OF THE BETTER BUSINESS BUREAU. 


VIDEO TAPES & BOOKS 


POPULAR VINTAGE TELEVISION 
PROGRAMS, ORIGINAL COMMER 
CIALS INTACT, Video Catalog $2.00 
HALPRIN, 836 Elm St., New Haven 06511. 


WATER PURIFICATION 


DRINK PUREST WATER! Home Dis. 
tributors, Discount Prices! 800-874-902 
WATERWISE, Box 45981, Center Hill, FL 
33514-0459. 


SAVE TIME AND MONEY, don't bu; 
bottled water. Install filter at home and save! 
FREE siphon ($30.00 value) with filter pur, 
chase. Best Filters 1-800-347-4113. 


MAKE YOUR OWN FILTERED WA; 
TER SYSTEM AND SAVE. Plans, plus 
information on RO, Distillation, Filters, suj 
iers. $10.00 to: Aqua Aero. PO. Box 255 
line, MO 64658. 


WINEMAKING 


WINEMAKERS.-! 
Illustrated Catalog - Fast 
Selection - Visa/Mastercard - (816) 254- 
KRAUS, Box 7850-N, Independence, Мі 
souri 64053. 


IRMAKERS Free 


FREE CATALOG! GREAT PRICE! 
FAST SERVICES! SEBASTIAN BREW- 
ERS, 1762-3 SUNRISE LANE, SEBA: 
TIAN, FL 32958, (407) 589-6563. 

THE COUNTRY WINEMAKER ANI 
BREWER. 161 antique recipes from gener- 
ations past, $7.25 postpaid. Teaparty Pul 
lisher, Box A232, Kingston, MA 

FOOLPROOF BEERMAKING Learn 
Video. Free Information. Videosyncracies, 
Dept. 1190 4 Peck Place, Montpelier, VT 
05602. 802-229-2929. 


POPULAR 


SCIENCE— 


THE 
BENEFIT 


Each month Popular 
Science classified 
ads reach out to 
over 4.4 million 
readers. If you are 
looking to reach 
involved, inquisitive 
prospects, call me 
to advertise your 
product or service. 


Dorothy Ellis 
(212) 779-5163 
1-800-445-2714 


Product Information 


ADVERTISEMENT Кана 


Booklets, catalogs, and folders listed below provide reliable informa- 
tion, illustrations, and specifications to help you in planning the pur- 
chase of a variety of products or services offered by these dependable 


companies. The convenient order form will save you time and post- 
age. Orders will not be processed unless accompanied by the $1 
handling fee. For your safety, please do not send cash. 


901 Energy Savings Cutting your home's 
heating and cooling costs is easy with a do-it- 
yourself guide from 3M. Learn about the 3M 
Window Insulator Kit, door seals, weather strip- 
ping, and tapes. Free 


902 On-line Communications CompuServe's 
informative brochure shows you how to use and 
communicate through the world’s largest and 
most comprehensive computer information 
service. Included are hardware and software 
support, electronic mail, personal investment 
services, and more. Free 


903 Hobbyist Catalog Edmund Scientific's 
112-page catalog contains over 3,200 prod- 
ucts, including microscopes, telescopes, mag- 
nets, fiber optics, science kits, and ideas for 
science-fair projects. Free 


904 Oil Additive A brochure from Fluor- 
amics describes Tufoil, a spectacular low- 
friction and low-wear oil additive. Tufoil makes 
changing your oil a patented engine treatment. 
Enjoy fast starts, smooth operations, better ac- 
celeration, and longer engine life. Free 


905 Solariums Literature from Four Seasons 
Solar Products includes: Series 200 and 300 
Patio Room brochures, Mod-U-Glaze brochure, 
Four Seasons Quiet Aire Roof Ventilation 
System brochure, Window and Patio Door cat- 
alog, and Steel and Royal Classic catalogs. $10 


906 NewDesigns The New Design Portfolio 
from Home Planners contains the latest group 
of house plans. Among the 75 are detailed 
Victorian and Tudor styles as well as Heritage 
houses and farmhouses. The portfolio features 
one- and two-story houses and luxury homes. 
$4.95 


907 Paint and Varnish Removal Klean Strip's 
two free booklets, "Protect Your Home Like a 
Pro” and “Guide to Paint and Varnish Removal," 
offer important information for homeowners, 
do-it-yourselfers, and weekend handymen. Free 


908 Automatic Camera This booklet from 
Konica describes its A4 fully automatic 35mm 
camera. The state-of-the-art A4 is the world’s 
smallest, lightest compact camera with a re- 
tractable close-up lens and three auto flash 
modes. Free 


909 Pool Cleaning The Kreepy Krauly Au- 
tomatic Pool Cleaning system keeps your pool 
clean automatically by vacuuming it every day. 
И comes with an exclusive three-year warranty, 
15 years on its only moving operational part. 
Free 


910 Binoculars A brochure from Leica de- 
scribes its new line of binoculars available in 
the following sizes: 7x42, 8x42, 10x42. 
Also included is information on its line of com- 
pact binoculars. Free 


911 Cedar Homes Spectacular custom ce- 
dar homes are featured in the 240-page Lindal 
Cedar Homes Planbook. Draw fresh inspira- 
tion from more than 750 color photographs of 
new homes. And you can even draw your own 
custom plan with the tools provided. $15 


912 Camera Filters А brochure from Minolta 
describes the Cokin Filter System, a magical 
photographic universe of colors, shapes, 
moods, illusion, and fun. Simply fit the filter 
holder to any 35mm or video camera. Choose 
from more than 200 filters. Free 


913 North Carolina Vacation The state of 
North Carolina offers a travel package contain- 
ing facts for planning where to go, where to 
stay, and what to do on a vacation in North 
Carolina. Free 


914 Insulation and Savings The "Ноте- 
owners Guide to Insulation and Savings” from 
Owens-Corning is a guide to home energy sav- 
ings and comfort. The booklet explains where 
and how to insulate in an existing home, їп а 
remodeling project, and in new home construc- 
tion. Free 


915 Metal Protection Protect you home from 
costly damage caused by moisture and harsh 
sunlight. The eight-page Homeowner's Guide 
describes how Rust-Oleum Wood Saver Paint, 
made with a unique patented formula, pro- 
tects wood trim, doors, fences, railings, and 
outdoor furniture. Free 


916 Innovative Solutions The Sharper Im- 
age catalog is filled with efficient products that 
make life more pleasurable, plus the latest 
fitness, electronics, health, travel, and gift 
items. A $5 gift certificate is free with a sub- 
scription. $2 


917 TowingTips U-Haul International offers 
a brochure entitled "Select a Hitch Guide," 
designed to make towing easier. The guide 
charts hitch types, hitch classes, trailers, and 
tow vehicles. It will help you select the right 
hitch and class, depending upon your vehicle 
and what you plan to tow. Free 


918 Wood Refinishing Тһе color guide from 
United Gilsonite Labs offers tips on wood fin- 
ishing, refinishing, and stain effects. It also 
provides how-to information for the wood-refin- 
ishing process—from removing old paint to 
choosing and applying new stains. Free 


919 CarCare U.S. Auto-Tech's new full-color 
car-care catalog describes its line of unique 
engine and gas-saving products. Also featured 
is the KolorKey carnauba car wax that is safe 
on all types of finishes, doesn't leave swirl 
marks, and comes in 10 colors, including bur- 
gundy, silver, and black. Free 


920 Travel Computer The Interstate Travel 
Computer from Whistler is an electronic de- 
vice that lists more than 30,000 roadside 
businesses, services, and tourist sites along 
major U.S. interstate highways. Through a se- 
ries of questions, the product determines where 
you are located and provides the distance and 
directions to gasoline, food, lodging, and serv- 
ice facilities. Free booklet 
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Looking Back... 


Sampling a century of Poputar Science 


2 SEPTEMBER 1965 
“In the near future, we may 
expect to see spacecraft put 

YEARS AGO into orbit in a new way. 

“Many of them will be borne aloft 
by winged and manned vehicles that 
resemble airplanes more than rockets 
—and that may even take off horizon- 
tally in airplane fashion, rather than 
vertically like rockets. These launch 
vehicles will be used over and over. 

“Envision an aircraft the size of one 
of our big jet airliners. This is the first 
stage of the reusable launch vehicle. 
Nestled on its back is the second stage 
—a smaller aircraft shaped like the 
5 clanking again at the Pan- 
YEARS AGO ona Canal. Only a little 
more than a quarter century after the 
opening of this ‘life line’ of the U.S. 
Navy and crossroads of the world’s 
maritime commerce, workers will 
break ground for a monster third set 
of locks—a project whose $277,000,000 
cost equals more than half that of the 
present canal! 

“The giant engineering scheme calls 
for conversion of the present ‘two-lane’ 
canal across the Isthmus into a ‘three- 
lane’ canal. To do this, three sets of 
oversize single-chamber locks will be 


built, parallel to the present twin- 
chamber locks, but at some distance 


10 ic island of the Tonga 


YEARS AGO group, formed by an erup- 
tion in 1885, has the name of Falcon 
Island. During its formation, the is- 
land was visited by members of the 
Royal Geographical Society who say 
that the center of the action was whol- 
ly on one side of the present island. 

“The uncovered portion lies north- 
west of the supposed center. It consists 
of two parts: a conical mound at its 
southern end, about 153 feet high, and 
a flat extending to the northward, 
which is 10 to 12 feet above high 
water. There is considerable shoal area 
north of the flat, but at the base of 


SEPTEMBER 1940 


“Steam shovels will soon be 


SEPTEMBER 1890 


“A newly emerged volcan- 


space glider of the 
now defunct Dyna- 
Soar project. Both 
stages are manned 
—the first with a 
flight crew, the sec- 
ond stage with a 
flight crew plus pas- 
sengers, if any.” 
Dr. Wernher von 
Braun, director of 
NASA's George C. 
Marshall Space 
Flight Center, 
Huntsville, Ala. 


from them. There will be no need to 
dig a whole new canal, because the 
‘Big Ditch’ itself will easily carry the 
traffic. 

“Why the new locks? First and fore- 
most, they will assure the U.S. Fleet 
of unobstructed passage between the 
oceans, in cases of emergency. Canal 
authorities have been jittery over the 
possibility of sabotage or direct attack 
on the present locks. A vessel might 
be blown up, or time bombs might be 
dropped, in a lock chamber; or the 
locks might be bombed by raiding 
planes. If a heavy explosion from the 
air destroyed two side-by-side lock 
chambers at once, the entire canal 
would be put out of commission.” 


the higher portion the water deepens 
rapidly. 

“The soil of the island consists of a 
fine-grained, dark-gray material ar- 
ranged in strata. With the exception 
of two young coconut trees, which 
seemed not very hardy, there was no 


Astronauts will ride into 
space this new way 


vegetation but a few bunches of grass; 
and a moth and small sandpiper con- 
stituted the animal population. The 
island will probably have disappeared 
in a few years, unless another erup- 
tion occurs, as the waves are rapidly 
wearing the shoreline away.” 
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. ONE TOUGH MOTOR OIL ANNOUNCES 
ONE TOUGH GUARANTEE... 


ОУ 


| TWO HUNDRED FIFTY THOUSAND MILES 
| OR TEN YEARS. 


Use Quaker State exclusively in your new car, and our 
limited guarantee will cover lubricated engine parts for 
250,000 miles or ten years, whichever comes first. 


How tough is today’s Quaker State? 

Tough enough to make this promise: Use only Quaker 
State in your new car's engine, and if any lubricated 
engine part not covered by the manufacturer’s warranty 


or extended-service contract suffers an oil-related break- 


down during its first 250,000 miles or ten years, Quaker 
State will pay for the repair. A 


nc 
We'll guarantee lubricated “= parie in engines of all 
sizes-domestic or imported. 

Quaker State's limited guarantee covers lubricated 
parts in engines of every single imported and domestic 
car or light truck sold in the United States. It even 
covers the deductible on any extended warranty you 
might have purchased from your new-car dealer. 
Enrollment is absolutely free. 


Seea copy of lubrication limited warranty and 
enrollment details at participating service centers. 


B 21) A 


Complete details and enrollment forms for the Quaker 
State 250,000-mile or ten-year guarantee are available at 


The Big Q is One Tough Motor Oil. 


participating Quaker State service centers. These 
include many new-car dealers, automotive service 
centers and fast lubes nationwide. 

To participate in the guarantee program, enroll your 
new car at a participating service center within six 
months or 6,000 miles of purchase. Use only Quaker 
State Motor Oil, and have your oil and filter changed 
at a service center according to manvfacturer's 
instructions for severe driving conditions but not to 
exceed 4,000 miles or four months between changes. 
Save your receipts. 


How can Quaker State make a guarantee 
this tough? 


Today's Quaker State has £a 
proven its toughness over and 
over again in the most rigorous I Y | 
tests that the world's auto makers 


have thrown at it. The result: 
Quaker State actually 
exceeds lubrication speci- 
fications for every single 
car sold in the United 
States. It takes a tough oil Quaker 
to offer a guarantee this 
tough. But Quaker State 
is One Tough Motor Oil. 


шк», 


MOTOR OIL 


105mm zoom lens, can help 
ange the course of 

иге taking. Become a 
“master of creative lighting effects 
with Exposure Compensation. 
Capture yourself up to five times 
їп а row with Multi-Frame 
Self-Timer. Get super close 

with Super Macro. And more. 


Once again, Pentax saves the 


